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ADVANCED MATERIALS 


GOVERNMENT RESEARCH ON CERAMICS COATING TECHNOLOGY 

Tokyo KOGYO ZAIRYO in Japanese Jul 87 pp 33-37 

[Excerpts] ® Next Generation Basic Industrial Technologies 

Table 1 gives an outline of research on fine ceramics, which is part of the 
Research into Next Generation Industrial Technologies Project sponsored by the 


Agency for Industrial Science and Technology. Figure 1 shows the schedule 
for the research in fine ceramics. 


Figure 1. Overall Plan for Next Generation Fine Ceramics 





Research Topics 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 





1. Manufacturing 
Technologies 
A. Raw materials -- 
synthesis Bench scale plant 
B. Molding and 
sintering 
i. Understanding --- - - -- 
molding and 
sintering 
mechanisms 
ii. Field-specific -- - -- - 
materials Test samples Model molding I Model molding II 
technologies 
(high strength, 
high corrosion 
resistance, high 
precision wear 
resistance) 
C. Processing and welding 
technology 
i. Adhesion technology-- -- — 

















ii. Understanding of --- oo 
processing 











mechanisms 
iii. Development of 
processing devices 
2. Evaluation Technology 
A. Evaluation of 
properties 
i. Raw powders 
ii. Sintered bodies - 
B. NDT testing technology 
C. Guarantee test technology 
i. Understanding NDT - -- 
mechanisms 
ii. Life prediction 
3. Applied Technology 
A. Design technology 
i. Structural analysis oo 
and design criteria Survey research 
ii. Testing of structural -- 2 
elements Survey research 
B. Component evaluation = 
Survey Equipment Molded Molded 
research elements model I model II 
research testing testing 
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As shown in Table 1, the three fields of ceramic research are: 


(1) High strength ceramics for high temperature engines; 

(2) High corrosion resistant ceramics for high temperature corrosive 
environments; 

(3) High precision and wear resistant ceramics for high speed and high 
temperature sliding components. 


Table 1. Performance Objectives for Next-Generation Ceramics 





Performance Objectives 





High 
strength 
materials 


(1) After being placed in a high temperature environment of more 
than 1200 degrees Celsius in the atmosphere for 1000 hours, 
the material should have the following performance in that 
environment: 

a. Reliability (Weibull coefficient) m:20 or more 
b. Strength (avg. tensile strength) sigma:30kgf/mm@ or more 

(2) In a creep test carried out for 1000 hours in a 1200 degrees 
Celsius environment in the atmosphere, the material should 
have the following performance: 





(1) After being placed in a high temperature environment of more 














corrosior than 1300 degrees Celsius in the atmosphere for 1000 hours, 
resistant the material should have the following performance in that 
materiais environment: 

a. Reliability (Weibull coefficient) m:20 or more 

b. Corrosion resistance (increased oxidation):under 1mg/cm* 

c. Strength (avg. tensile strength) sigma:20kgf/mm@ or more 





High (1) After being placed in 800 degrees Celsius in the atmosphere 
precision, for 1000 hours, the material should have the following 

wear performance in that environment: 

resistant a. Reliability (Weibull coefficient) m:22 or more 
materials b. Strength (avg. tensile strength) sigma:50kgf/mm* or more 


(2) When tested at room temperature, the materials should have 
the following performance: 
a. Wear resistance (relative wear): under 10-8mm3/kg-mn 


b. Precision (surface smoothness) fgax* under 2 micrometers 





In addition to this research into the next generation of basic industrial 
materials, the following research activities are underway. 


® Leading Edge Processing Systems 


This research is part of a large-scale project of the Agency of Industrial 
Science and Technology started in 1986 with the aim of providing super 
precision to mechanical and electronic components by means of a super 
precision machining that puts into effect processing technology and 
nanotechnology that exploy excimer lasers and ion beams that are necessary for 
advanced technology industries such as energy, precision machines, and 
aerospace. 


This research has become systematized by combining various technical elements, 
which include the following: 


High output excimer laser technology 
High density ion beam technology 

Super precision machining technology 
Measuring and evaluating technology 


The planned length of the project is 8 years, and the development budget is 
about 15 billion yen. Materials research will include topics such as new 
thin-film formation, surface modification, superfine processing, and 
separation and purification of materials. Research on fine ceramics will deal 
with diamond coating technology using laser CVD. Another research topic is 
surface modification (hardening or softening) by ion injection into ceramic 
materials. 


® Research at the Laboratories of the Agency of Industrial Science and 
Technology 


Separate from the research in the above mentioned Next Generation Basic 
Industrial Technologies Project, research is being done at 16 laboratories of 








the Agency of Industrial Science and Technology in the areas ‘relating to fine 
ceramics shown in Figure Table 2. Of 219 special research topics studied in 
1986, 20 had to do with fine ceramics, with a budget of 244 million yen, but 
in 1987, the number of fine ceramics related research topics was 21, with a 





budget of 260 million yen. 


Research on surface modification includes the following topics: 


Research on solid formation of diamonds, for example, using high density 


energy (Chemical Technology Laboratory) 


Research on corrosion resistant film forming technology by plasma CVD 


(Osaka Industrial Laboratory) 


Research on ceramic transformation of metal surfaces using ion beams 


(Nagoya Industrial Laboratory) 


Table 2. 


Ceramics-related Research at Leboratories of the Agency of 


Industrial Science and Technology 








Research Topics Research Research Facility 
period 
Evaluation of dynamic properties of 1985-89 Measurement Laboratory 
highly elastic and high heat-resistant 
materials 
Solid-phase bonding of new materials 1985-89 Machine Technology Lab 
Solid formation of diamonds by super- 1985-89 Chemical Technology Lab 
high density energy 
Halide glass 1986-89 Osaka Industrial Lab 
High-conductivity graphite fillers 1966-88 e 
Ion-conductive amorphous inorganic 1985-88 e 
materials 
Corrosion-resistant film formation by 1984-87 e 
plasma CVD 
Development of high performance 1984-88 e 
chemical sensors 
High-tenacity fiber composite ceramics 1986-90 Nagoya Industrial Lab 
High-performance oxide-based composite 1984-88 e 
sintered bodies 
Ceramic transformation of metal surfaces 1984-88 e 
by ion beams 
High-performance porous ceramics 1985-89 e 
Development of photosensitive ceramic 1987-91 e 
materials 
Materials synthesis by reaction process 1986-91 Electrotechnical Lab 
control 
Creation of new layered materials by 1986-91 e 
using active particles 
Fabrication of carbon-based materials 1986-90 Mining Resources Lab 











by vapor-phase thermal decomposition 
High-furctionality inorganic fibers and 1987-90 Hokkaido Development Lab 
amfporphous saterials 


Development of high-performance 1985-88 Kyushu Industrial Lab 
engineering carbon saterials 

Production of porous ceramics 1987-90 . 

Development of high-temperature 1987-90 e 
plasticity boride ceramics 

Development of composite materials 1987-91 Tohoku Industrial Lab 


by intercalation 





® The Development of the Next Generation of Equipment for Atomic Power 


Improved reliability and increased life are important for the long-term and 
safe operation of equipment for atomic power generation. Research planned for 
the period 1985 to 1993 to develop new materials from fine ceramics for light- 
water reactor equipment and components that have longer life, isgproved 
reliability, and are maintenance free. This project is known as the Atomic 
Power Next Generation Equipment Development Project. Ceramic coating 
technology will be used for the following parts: 


Pumps - Al203 and SigNy ceramics are used in salt water pump shafts, and 
SiC or SizNy ceramics are used for mechanical seals of cooling system 
pumps. Ceramic coatings are also applied to casings and impellers of R/W 
pumps. 


Valves - Low Co surface hardening agent and ceramic coatings are used in 
sheets. 


Pipes and Heat Transfer Equipment - Ceramic coatings are used for pipes 
and handles of R/W pipes and heat transfer pipes of heat exchangers and 
heaters. 


Reactor Equipment - Low Co superstainless steel is used in boiling light- 
water reactors as structural elements, but in the case of pressurized 
water reactors, Co elution control surface treatment agent and ceraszic 
coating are used. 


Turbines - In the case of boiling water reactors, low Co surface 
hardening agent and ceramic coating are used for blade erosion shields of 
low-pressure turbines. In the case of pressurized water reactors, Ti-15- 
5-3 (beta alloy) and ceramic coating are used. 


Incinerators - Ceramic coating is used for the walls of incinerators. 


® Plan for Development of Technology for Petroleum Production in High 
Temperature Corrosive Environmets 


This project is for a 6-year period, starting from 1985. The project is being 
carried out in the petroleum public corporations to “develop corrosion 








resistant gaterials and sealing technologies." Coating technologies such as 
CVD and PVD are being developed for coating ceramics on inexpensive saterials, 
so as to satisfy the following conditions: 


Environgental Conditions 
Well depth 7000s 
Maxisus temperature 260 degrees Celsius 
Maximus pressure 20000-245000psi 
Standard CI concentration 20000pps 
Dissolved HoCO> 4H2S + COp $ 40 percent 


Strength 

Yield strength at room temperature S6kgf/mm or sore 
Advantages 

Useful life 10 years 

Cost Less costly than high Ni alloys 


According to a survey of coating materials and coating mgethods conducted in 
1986, it was found relatively speaking, more research was being done on PVD, 
CVD. spraying, and coating. 


In addition, Sumitomo Electric Industries, Ltd. is using diasond coating as an 
inner wall gaterial for the nuclear fusion reactor JT-60 of the Japan Atomic 
Energy Research Laboratory. 


® Expanded Applications of Plasma Spraying Technology 


Considerable use is now being made of spraying technologies in the field of 
ceragic gaterials. The characteristics of recent spraying technologies 
include advances in plasma spraying apparatuses, increased reliability, 
increased volume and variety of spray mgater‘als, improved quality, and reduced 
costs that accompany technological innovations. Also, not only is there the 
conventional objective of increasing wear resistance, but new functions have 
been added, such as electrical properties like conductivity, resistance, and 
insulation, electrochemical properties of electrodes for batteries, chemical 
properties like catalysis, and other new functions like far IR radiation, 
acoustical properties, thergal insulation properties, high temperature 
corrosion resistance and wear resistance. 


In plasma spraying, gicron-sized particles melted with a plasma jet smash into 
@ material at high speed and are cooled ‘n an extremely short tige (10-3 
seconds) and transformed from a liquid toa solid. These particles form a 
film that is usually on a level of 200-800kg/7m*, and the bonding strength 
cannot be considered as strong as welding. 


Furthermore, the bonds between the sprayed particles differ depending on the 
substrate materia. and the sprayed material, and the structure of the sprayed 
film is close to that of a loosely bound porous sintered metal or ceramic. 


Spray coated materials have completely different characteristics from those 
coated by other gethods, such as the fine filas formed by crystal growth in 
CVD and PVD. In plasma spraying, film formation is rapid, and the method can 

















be applied to a wide variety of coating materials, including metals, oxides, 
carbides, etc. There are also few lisits on the form of the final product. 


Some examples of applications are decorative coatings for watch cases, 
printing roller repair, far IR heaters, electrical insulation, etc. 


® Other Spraying Technologies 
(1) Nonm-magnetized Ceramics Spraying 


The Eguro Steel Company has succeeded in forming sliding surfaces for axles 
and bearings of high-speed rotating lathes by spraying non-sagnetized 
ceragwics. Sliding bearings are coated with ceramics sprayed to protect the 
gwsetal from corrosion. Magnetic ceragics are used for low-speed rotation 
components used in plastic gsolders and chemical and pharmaceutical pumps. 


Eguro Steel says that it is able to avoid peeling caused by differences in the 
thermal expansion coefficients of metals by spraying ceramics having different 
components onto the rapidly rotating bearings in 4 layers. Sliding bearings 
for lathes have been jointly developed by Eguro Steel and Kyoto Ceramics, 
using sintered ceragics, but sprayed ceramics show superior smoothness. 


(2) High-Frequency Heat Spraying 


Kosai High Frequency Industrial Compar. has developed a technology for 
spraying ceramics onto soft metals such as stainless steel and alusinus. 
Their research is supported by the Shiga Prefecture Technology Development 
Fund. It is thought that this process will increase the hardness of saterials 
that otherwise cannot be hardened. 


Since low-pressure plasma spraying of ceramics requires high equipment costs, 
it is not suited for small and medium sized companies. Thus, research is 
being done on methods of spraying at normal pressures while heating the metal 
substrates with high-frequency heating. 


(3) Reactive Deposition Coating of the Inner Surfaces of Pipes 


The Tohoku Pesearch Laboratory of the Agency of Industrial Science and 
Technology has developed a simple sethod for depositing a thick ceraszic 
coating on the inner walls of metal pipes, called the "Reactive Deposition 
Method.” 


The coating of the inner surfaces of pipes requires special equipment even in 
the case of plasma spraying, and there are many problegas with finishing. 
There are considerable problems with bent and constricted pipes. The reactive 
deposition method employs the thermite reaction that has been long used for 
refining chromium and cobalt. When a mixture of aluminum and magnetite powder 
is ignited, a thermite reaction occurs at a temperature of 3000 degrees 
Celsius. The aluminum is transformed to alumina, and the metal oxides are 
reduced and become pure metals. 


A spokesman for the Tohoku Research Laboratory pointed out that, "If the 

















temperature of the sprayed alumina is low, the coating thickness can be 5-5 
millimeters." 


(4) Ceramics Painting 


If ceramic coatings could be applied simply by painting, there would be great 
advantages from an operational and cost standpoint. 


The Pecrolcum Industry Revitalization Center of Toa Nenryo Kogyo K.K. is doing 
research and development of ceramic paints using silicon nitride as part of 
its technology development project. The purpose of this project is to use 
paint coatings on the surfaces of petroleum refinery equipment to prevent wear 
and corrosion. 


The Meichi Sangyo Company has developed a ceramic painting material able to 
withstand high temperatures over extended periods of time by siaply applying «4 
thin coat. The paint is prepared by mixing powder and liquid sgaterials, and 
is applied to substrates such as iron or bricks by painting or spraying at a 
thickness of 500-700 microns, and is then naturally dried. After that, it 
undergoes primary firing at a low temperature. The resulting ceramic coating 
can be used at temperatures up to 1700 degrees Celsius. 


It is reported that the ceramic is a composite ceramic having as its gain 
component carbides, nitrides, silicides, or alumina, and is reinforced with 
elements that bond with the substrate. The solution has potassium silicate as 
its gain component, and has stable hardness and life due to covalent bonding, 
as well as heat resistance and corrosion resistance. 


(5) Aworphous Cerasic Paints 


Professor Kenji Suzuki of the Tohoku University Metals Research Laboratory is 
conducting research on techniques for producing optical disk thin filas by 
applying an amorphous ceramic paint prepared by dissolving tne ceramic 
material in water. 


It was found that when a vanadium oxide ceramic is dissolved in water and 
dried, the resulting thin ribbons that are formed when *he water evaporates 
produce a smooth layered thin fila. This fila has the characteristic that if 
it contains moisture above a certain level, the water freely soves among the 
boundaries of the layers. This phenomenon can be used in fabricating optical 
disk thin files. 


These disks have high sens'tivity, heat resistance, long-term stability, and 
show no deterioration due to oxidation, as is the case with setal disks. 
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BIOTECHNOLOGY 


FRENCH EVALUATION OF JAPANESE BIOSENSORS 
Paris BIOFUTUR in French Feb 87 pp 64-65, 67 
[Article by Silvia Vaieman: “Biosensors in Japan") 


[Text] Biosensors, which go back some 15 years, very quickly became an 
attractive and highly promising idea. Based on the joining of a biochemically 
active compound (fixed on a support and capable of specific identification of 

a target substance) and an electronic system which transforms the compound's 
activity into an electrical signal, biosensors are experiencing intensive 
international compezition. The market, however, is only in its infancy. The 
major attractions of these measurement instruments are, first, their specificity 
(Footnote 1) (Narrow specificity: L form of a given amino acid, L or D 

glucose. Broad specificity: L form of any amino acid, or recognition of 
physiological modifications of the target of a neurotoxic substance (an 
acetylcholine esterase biosensor, for example) but also their high degree of 
sensitivity (detection on the order of 10 ppm and precision around 5 percent), 
the possibility of producing them in miniature end automated form, and their 
rapid detection speed (response time ranging from a few term of seconds to a few 
minutes). 


If we consider the number of papers published and industrial achievenzents, 

there is no doubt that Japan is by far the leader in this field. It is 

true thet in conquering this new world market--estimated at more than Fr 10 
billion (Footnote 2) (The European market is said to have amounted to Fr 4 million 
in 1986. If the forecasts prove correct, it will be worth more than Fr 60 
million in 1990, not including military gas biodetectors)--they have 

benefited from two considerable advantages: great experience in electronics 

and being the first country to have equipped their fermenters with 

electrodes using enzymes or immobilized microorganisms. 


Based on the work of Isao Karube (Footnote 3) (Professor of biotechnology and 
bioelectronics at the Research Laboratory of Resources Utilization of the 
Tokyo Institute of Technology), Japan developed after 1974 one of the first 
biosensors which was used for the detection of hydrogen peroxide in food 

(this compound is a by-product of glucose oxidation). Several years earlier, 
however, S.J. Updike, an American, had attached on enzyme to an electrode by 
using a polyacrylamide gel. This gel was far too fragile for the concept to 
be viable as an industrial process. I. Karube took over this idea and made it 








his own. He invented a membrane strong enough te iesist the “shocks” of 
industrial production, but fine enough to be sensitive to electrochemical 
modificatiozs in the surrounding medium. Enzymes could also be attached to it. 


Today, in addition to I. Karube's laboratory, the important Japanese 
Technological universities are studying this subject: Professor Aisawa of the 
Tsukuba University is trying to develop a cost-effective system for energy 
transduction with oxide-reducer enzymes. He is also addressing new 
immobilization techniques and the use of immunological systems (essentially 
monoclonal antibodies) for the biochemical compound element of the biosensor. 
Dr Inakuchi of the Okazaki Molecular Biology Institute is also studying the 
use of electron-accepter biological compounds, in particular the cytochromes, 
whereas Dr H. Tsubomura and Dr N. Yamamoto have tended to direct their 
research towards the improvement of immuno-electrodes. Moreover, there are 
almost 50 Japanese companies that are more or less interested in this 
promissing new market (see table). 


In industry three sectors appear to be particularly interested in using 
biosensors: the medical sector (in hospital or home environment for on-the-spot 
check-ups for example), the industrial sector (to provide almost constant 
monitoring of production processes, which could accelerate their access to 
automation), and, finally, the environmental protection and monitoring sector. 


Biomedical Applications 


The first sensors which attracted attention were used for the measurement of 
glucose in blood or in urine, a vital analysis for the diagnosis of diabetes. 


Many companies in Japan are already marketing biosensors: Analytica‘ Instruments 
since 1982, Toyo Boseka since 1983, Fuji Electronics, Kyoto Daiichi Kogaki, 
Mitsubishi Chemicals, Technicon, Toadempa, and Yellow Springs Instruments. 


For the detection and prevention of arteriosclerosis, the improvement of 
techniques for measuring lipids in the blood remains a top priority. For this 
purpose, Dr Iwao Tafuku (Kyoto University) has developed a new type of biosensor 
for cholesterol which detects concentrations as low as 0.1 mg per 100 ol, 

i.e., 1,000 times less than the rate of blood cholesterol. The electrode 

is made of a tin rod covered by a special membrane (the Langmuir-Blodgett membrane 
the surface of which is pierced at regular intervals. The pores are the same 
size as cholesterol molecules. Prior to making a series of measurements, the 
electrode is immersed in a solution rich in vitamin K or chlorophyll. These 
small-diameter molecules lodge themselves in the membrane perforations. The 
electrode is then plunged into the serum to be studied. The cholesterol 
molecules then displace the smaller molecules and this displacement generates 

a decrease in the current proportional to the concentration of serum 


cholesterol. 


Another big opportunity for biosensors in medical analysis is lactic acid 
measurement. In this area Tateishi Electric Co. and Toyobo Textile Co. have 
cooperated to develop a sensor (Footnote 4) (Made of a film of oxydase 

lactic acid and a hydrogen peroxide electrode) capable of measuring the amount 











of lactic acid in a 100 microliter sample of whole blood in 80 seconds. 
(Note that conventional measurement methods take from 15 minutes to 1 hour 
for the same measurement. ) 


The various enzyme sensors, mentioned previously, were designed to provide the 
best possible detection of a specific chemical substance. In addition, sensors 
capable of simultaneously measuring several compounds have also been developed: 
the multifunction sensors. The best known of these is still the NEC sensor. 
This sensor is able tc measure the concentrations of urea, glucose, and 
potassium (the response times are 20 seconds for potassium, 30 seconds for 
urea, and almost 2 minutes for glucose using a single drop of blood. 


The quantity of a given antizen represents yet another essential measurement 
in the biomedical sector, particularly following a clinical test, for example. 
Based on this established fact, a research group at the Tokyo Technology 
Institute has developed a new biosensor concept, the “luminescent biosensor." 
A first experimental model was developed for the detection of albumin: When 
the albumin tagged with pyrene reacts electrochemically on the platinum 
electrode, a luminous signal is generated. This signal decreases strongly 
when anti-albumin antibodies are added to the medium. Thus, one simply adds 
a known quantity of antigen mixed with pyrene to the solution to be analyzed 
followed by a fixed amount of the corresponding antibodies. A conflict then 
ensues between the molecules of marked antigens and the unmarked molecules. 
The antigen concentration is therefore easily measured because it is in direct 
proportion to the luminous signal. The biosensor is sensitive down to Il 
microgram per ml. 


Finally, the latest generation of biosensors appeared in early 1986 as a result 

of close cooperation between I. Karube and the Seiko Denshi Kogyo Co. Using 
acoustic waves the biosensors detect the level of pathogenic bacteria in an 
organism. For this the specific antibodies of the target bacteria must be joined 
to small quartz oscillators. The bacteria interact with these antibodies and 
combine with them, which considerable increases the oscillators’ load. Therefore, 
their movement is slowed down. 


Industrial Sector Applications 


A wide variety of biosensors is needed in the agro-food industries. The strong 
arrival on the market of these measurement tools has addressed a specitically 
Japanese problem: the exact analysis of freshness of "Sashimi" (raw fish). 

Among all the elements produced by decomposition, only three of them need be 
measured to obtain a good freshness reading: inosinic acid, inosine, and 
hypoxanthine. A multisensor detecting these three compounds has been connected to 
a computer to provide the most exact measuring instrument possible--where the 
freshness of the fish is registered immediately. 


The flavor levels of foods can be evaluated by measuring the glutamic acids 
(used widely as a food additive) and nucleic acids. Several families of 
multifunctional biosensors satisfy this demad. Several of them are of the 
microbic type and use, as their biochemical system, color bacilli which 
consume the glutamic acid and give off carbon dioxide. The joining of these 
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immobilized microorganisms on a membrane and a carbon dioxide electrode was 
the starting point for the development of these sensors at the Saitama 
University (sensors for antibiotics or for vitamins are planned using the 
same principle). 


The Toyobo company has developed a “biochip" which permits measurement of the 
degradation of casein during the manufacture of cheese. Immobilized 
aminopeptidases and amino-oxidases are protected by a semipermeable membrane 
which only aJlows the smallest peptides to pass through, specifically those 
resulting from casein degradation. The electrode measures the level of 
hydrogen peroxide produced after the action of these two enzymes, a rate 
proportional to the quantity of small peptides passing through the membrane. 


It its own research laboratory Mitsubishi Electric has invented a biosensor for 
quality control of oils and greases. It consists of two field effect 
transistors. The lipase degrades the lipids to be tested which modifies the 
hydrogen ion concentration close to the lipase fixation membrane. This 
concentration is compared with the one measured by the second transistor. 
Sensitivity is reportedly on the order of 9 mg/l and this type of sensor 

would last 50 days. 


A growing number of companies are interested in alcohol biosensors. Alcohol 

is not only a raw material for several industries and an important consumer 

item (essentially sake), but ethanol is also the focus of a national program 

of industrial production for use as a fuel. Five companies are very interested 
in this: Yellow Springs Instruments, Denki Chemical, Nisshin Denki, Kirin 

Beer, and Asahi Beer (the last two companies are still developing their sensors). 





Finally, it should be noted that for strategic reasons many Japanese companies 
(Ajinomoto, Kyowa Hakko, etc.) are developing their own sensors, which they 
use to monitor their fermentation and cel culture processes. 


The Environment and Environmental Monitoring 


Microbic sensors, uniting microorganisms (usually colon bacilli) and a 
metabolite detector electrode, are particularly well suited for the measurement 
of pollutants in the environment. They are stable over a long period and the 
costs of analyses are considerably reduced by their use sensors. This latter 
point is very important in a financially sensitive sector. 


In 1983 Nisshin Denki introduced on the market a BOD (Biochemical Oxygen Demand) 
biosensor specializing in environmental surveillance, specifically the chemical 


aspect. 


Oriental Electronics is selling an analysis sensor for fresh water. This 
instrument accurately measures the content of dissolved oxygen, which is higher 
because there is so little organic material in the water. 


In addition, the Japanese Ministry of Construction is partly subsidizing Isao 
Karube's laboratory to help develop a biosensor for the automatic and permanent 
monitoring of pollution levels in rivers. 
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Establishing close cooperation between university staff and industrialists has 
enabled Japan to establish a firm foothold in the developing biosensors market. 
Their strongest point has no doubt been th~ ability to move quickly from 
research to the development stage, particularly in the medical and industrial 


procesess sectors. 








Table. 

Company Area of Application 
Technical Aspects 

Analytical Clinical Diagnosis 


Instruments (1) Fermentation 


Toyo Jozo (2) Agri-foods 


Fuji Clinical Diagnosis 


Electronics 

Brewery 
Fujisawa Pharm Clinical Diagnosis 
Fermentation agro-foods 


Ishikawa 


Kyoto Daiichi Clinical Diagnosis 
Kogaki 


Mitsubishi Clinical Diagnosis 
Chemicals 

Nissoki Artificial pancreas 
Oriental Fermentation agro-foods 
Electronics 


Water analysis 
Technicon (1) Clinical diagnosis 


Shimazu ‘Clinical diagnosis 


Tateishi 


Tokyo Boseiki Clinical diagnosis 


Toadempa Clinical diagnosis 


Fermentation 


Biosensors Marketed or Under Development in Japan 


Target Compounds 





Glucose 


Glucose, ethanol, 
lactic acid 


Glycerol, Glucose, 
etc > 


Glucose*, urea, 
uric acid, amylase 


Glucose 
Glucose, urea 
Glucose 


Glucose 


Glucose 


Glucose 


Glucose, 
food freshness 


Dissolved oxygen 
Glucose 

Glucose 

Glucose 

lactic acid 
Glucose 


Glucose 
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Status 


marketed since 82 


marketed 


marketed since 84 


marketed 
under development 
market 2d 
under development 


under development 


marketed 


marketed 


marketed 


marketed 


marketed 

marketed 

under development 
marketed since 83 
marketed since 84 
marketed — 


under development 

















Company 

Tokyo Shibaura 
Electric 
Yokokawa Hokushin 
Yellow Springs 


Instruments (1) 


Denki Chem 


Nihon Sharyo 


Nisshin Denki 


Kuraray 
Mitsubishi 
Electronic 


NEC 


Tokyo Co. 
Matsushita 
Mitsubishi 
Seiko Electric 
NEC/Yamasa 
Fuji Electric 


Lion 


Area of Application 





Technical Aspects 





Clinical diagnosis 


Clinical diagnosis 
Clinical diagnosis 


Fermentation 


Fermentation 
(immobilized yeasts) 


Fermentation 
(immobilized yeasts) 


Fermentation 
(immobilized yeasts) 


Environment 


FET [field effect 
transistors] 


ISFET [ION sensitive 
FET] 


ISFET with integrated 


amplifier 


ISFET 
Semiconductor 
ISFET 
Thermistor 
Microelectrode 
ISFET 


Microelectrode 
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Target Compounds 


Status 





Glucose, urea 


Glucose 
Glucose 
Glucose, ethanol 
Lactose 


Starch 


Ethanol 
Acetic acid 


Glucose 
Ethanol, organic 
acids 


pH, oxygen, carbon 


dioxide 


Glucose and urea 
simultaneously 


Glucose and urea 
and potassium 
simultaneously 
Glutonic acid 
Glucose 

ATP 

Glucose 
Glutamic acid 


Ammon ium 


Dextranase 


under development 


under development 
marketed 
marketed 
marketed 
under development 


marketed since 84 
marketed since 84 


under development 


under development 


marketed since 83 


under development 


under development 


under development 


under development 
under development 
under development 
under development 
under development 
under development 


under development 














Kirin Beer Microelectrode Ethanol under development 
Asshi Beer ISFET Ethanol under development 


(1) American companies 
(2) Toyo Jozo is developing biosensors for numerous parameters. The first one 


was for glucose. 


(Source: R.D. Schmid, Biotechnology in Japan, 1985—Applied Microbiology and 
Biotechnology (1986) 24: 355-365). 


25041/12951 
CSO: 3698/A161 
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SUNSHINE PROJECT FOR FY 1987 OUTLINED 
Tokyo JITA NYUSU in Japanese Apr 87 pp 5-10 


[Prepared by the Sunshine Project Promotion Headquarters of MITI's Agency of 
Industrial Science and Technology] 


{Text} (1) Although the international oil demand and supply situation at the 
present time has shifted into a state of moderation, it is anticipated, from 
the medium and long range standpoint, that the expansion of oil demands, 
centered on the developing countries, will once again upset the oil demand and 
supply relationship. Furthermore, indications have been observed that, in the 
event crude oil prices hereafter should shift relatively into low levels, 
there is the fear that the period of distress with the energy demand and 
supply situation, anticipated in the future, will be accelerated due to the 
Sluggisnhness in the development of energy resources. 


Involved in these situations, Japan's degree of dependence on oil and on 
foreign countries for energy, when compared with other advanced countries, is 
high as in the past, and because of Japan's conspicuously fragile energy 
supply structure, insuring a stable supply of energy is an extremely important 
subject of government policy. 


(2) The technological development of new energies is an effective means of 
fulfilling this subject, and without being misguided on the energy demand and 
supply for a short range, it should be systematically and faithfully promoted, 
from the medium and long range viewpoints, as preparations for the future. 
Even during the International Energy Association [IEA] directors’ meeting 
which was held in April 1986 and the Tokyo summit meeting held in May, the 
drop in crude oil prices in recent times is greatly attributable to the energy 
policies enforced in the past, and it has now been confirmed that the policies 
enforced to date must be continued. 


(3) The Sunshine Project was launched in FY 1974 with the objective of 
planning the improvement of Japan's fragile energy supply structure through 
the development of new energy technologies, and today the basic research stage 
of the principal projects has been completed and progress has been reached to 
the plant development stage. To accoaplish the task, the New Energy 
Integrated Development Organization hereafter must be made the central 
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promotionai body for plant development in order to vigorously promote the 
Sunshine Project. 


(4) As for FY 1987, the following information was obtained from successive 
discussions and reports of the New Energy Technological Development sectional 
meetings of the Industrial Technology Deliberation Council. 


Development of coal liquefaction and gasification technologies. (Research on 
bituminous coal liquefaction pilot plant and Australian lignite liquefaction 
pilot plant) 


2) Development of the technology for the practical use of solar light electric 
power generation. (Development of the technology to manufacture solar 
batteries and the technology to utilize solar light electric power generation) 


3) Planning the priority and efficient promotion of research and development 
{R&D}, centering on geothermal technological development, such as the 
investigation of geothermal resources and the application of technological 
developments, along with planning the aggressive involvement with 
international cooperation through multi-nation cooperation, such as IEA, and 
the two-nation cooperation, such as between Japan and Australia. 


The contents of R&D in detail are described below. 
<1> Solar Energy . 


(1) Develop the technology for the practical use of solar light electric power 
generation. 


In order to accelerate low cost reduction in the fullscale practical use of 
solar light power generation (solar batteries) which was conducted during the 
middle of FY 1985, develop the technology to manufacture solar batteries and 
the technology to utilize solar light electric power generation. 


As for the manufacturing technology during FY 1987, develop the low cost 
refining process technology and the high efficiency cell transformation 
technology of silicon for multicrystal solar battery use, and at the same time 
develop the technology to manufacture amorphous solar batteries. As for 
application technology, develop a system to use solar light electric power 
generation of the independent dispersion type, and conduct research on the 
technology to control contact of the solar light electric power generation 
system and in the development of a concentrated type solar light electric 
power generation system. Regarding the development of an application system 
which was newly begun in FY 1987, introduce funds from the private sector and 
engage in joint R&D with the private sector. 


(2) Develop a solar system for industrial use. 


Develop a solar system that can be applied on a process required for various 
high level heat management in the industrial field. 
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In FY 1987, develop technologies for the fixed heat process type for the 
drying stage, the advanced heat process type that can deal with the stage of 
limited temperature conditions, such as subzero and long range heat storage. 


<2> Geothermal Energy 
(1) Develop technologies to investigate and extract geothermal energies. 


1) In order to systematically grasp the existing amount of Japan's geothermal 
resources and to rationally accelerate geothermal development, develop 
technologies to efficiently and scientifically extract from promising 
geothermal areas. 


In FY 1987, analyze, control and utilize efficiently the results of the land 
surface survey and existing data with high level information processing 
technology, ‘nd in order to extract from positively promising areas with the 
use of these data, develop technologies centered on the development of a 
resource asiessment system. To acquire data needed to develop these 
technologies, conduct surveys on the hydrothermal fluidity over a wide range 
of the three districts. 


2) In order to accelerate the development of geothermal resources deep in the 
earth, seek to establish investigative technologies that can positively grasp 
the existence of geothermal resources deep in the earth and conduct inspection 
surveys with investigative technologies at the representative geothermal areas 
of the Sengan District (Akita and Iwate Prefectures) and the Kurikoma District 
(Miyagi Prefecture). 


In FY 1987, excavate the 1,200 m class restored wells in the Sengan District, 
and along with conducting gushing tests at the 3,000 m@ class pit wells which 
were excavated in the previous fiscal year at the Kurikoma District, conduct 
analytical assessments with investigative technologies from the pit well 
Survey data and land surface investigative data which were previously 
obtained. 


Continue the technological development of the highly accurate geomagnetic 
earth current method. 


(2) Develop an electric power generation system utilizing hydrothermal 
resources. 


In order to accelerate the development and use of geothermal energies, develop 
a binary cycle power plant which would effectively utilize steam and large 
quantities of gushing hot water. 


In FY 1987, conduct a survey for hydrothermal resources in areas with 
prospects of the availability of large quantities of hot water, and at the 
same time conduct the testing and operation of a two-stage test equipment (100 
tons per hour and a heat resistant temperature of 200 degrees C) of a downhole 
pump. Conduct research on the production and restoration of hot water and at 


the same time develop countermeasures to prevent water from escaping during 
boring. 
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(3) Develop a volcanic power generation systen. 


Develop a volcanic power generation system by extracting the tremendous 
thermal energy of volcanic resources with the creation of artificial 
hydrothermal systems and utilizing it for power generation. 


In FY 1987, plan the routing along with conducting rotation tests when 
excavating the 1,800 @ class pit wells in the direction of the sanmade 
accumulation layer, reclaimed the previous fiscal year in the Hijiori District 
in Yamagata Prefecture. 


Coal Energy 
(1) Develop coal liquefaction technologies. 


In order to plan the early application of an independent liquefaction 
technology which is suited to the energy situation in Japan, develop the 
bituminous coal liquefaction technology, lignite liquefaction technology and a 
common base technology. 


Conduct R&D on the following subjects in FY 1987. 
(Develop a bituminous coal liquefaction technology) 


Continue research on a pilot plant with a 250 ton per day capacity by 
utilizing a new process (NEDOL process) which is based on research results 
gained thus far, and at the same time establish a 1 ton per day PSU (process 
support unit) in support of the research. 


(Develop lignite liquefaction technology) 


Promote the technological development of a pilot plant with a 50 ton per day 
capacity in the conversion of lignite, which is found in abundance in Victoria 
state, Australia, into a liquefied fuel as a direct substitute for oil. In FY 
2987, conduct test runs of the first phase and second phase hydrogenation 
systems. 


(Develop a common base technology) 


With the objective of seeking the development of a coal liquefaction 
technology, promote R&D to develop essential processing equipment; survey to 
select coal grades; develop the use of coal liquefaction products, refining 
technology, coal liquefaction data base system and environment preservation 
technology. 


(2) Develop a technology to produce hydrogen from coal. 

Design and construct a pilot plant with a 20 ton per day capacity to 
manufacture clean hydrogen economically and efficiently from coal for use in 
fuel for automobiles and aircraft. 

(3) Develop a technology for coal gasification, composite cycle power 
generation. 


Promote vigorously the development of a technology for the early introduction 
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of coal gasification, composite cycle power generation which is highly 
economical and clean when compared with conventional coal thergal power 
generation. 


(Develop a technology for fluid bed gasification, composite cycle power 
generation) (Appropriated for the Resources and Energy Agency) 


Along with conducting research on operating the plant with a 40 ton per day 
capacity constructed in Yubari City, Hokkaido, conduct research to develop 
high temperature, dry type desulfurization, [datsujin] and iow NOx combustion 
equipment. Furthergore, establish the basic design of a 100,000 kw class 
gasification, composite cycle power generation plant with a 1,000 ton per day 
capacity. 


(Develop a technology for jet flow bed gasification, composite cycle power 
generation) (Appropriated for the Resources and Energy Agency) 


Conduct a detailed design of the jet flow bed gasification, composite cycle 
concept for a pilot plant with a 200 ton per day capacity and at the same tise 
commence with the manufacture of a part of the equipment. Also engage in 
essential research on gasification furnace. 


<4> Hydrogen Energy 


Concerning the hydrogen manufacturing technology, continue research on the 
solid state polyelectrolyte water electrolysis principle and the high 
temperature water steam electrolysis principle. Continue research on hydrogen 
transportation and storage with the use of metallic hydrides, and basic 
research on technology to utilize hydrogen for hydrogen fuel prime sovers. 


<5> Integrated Research 

(1) Develop a wind power generation system 

Continue the detailed observation of wind conditions which is necessary for 
the design of a large machine and for the R&D of an essential technology 


needed in the development of a large tyr: wind power generation systes. 
Dismantle and remove the 100kw class pilot plant and complete the R&D progran. 


(2) Research power generation from oceanographic temperature differential. 


Promote basic research on a power generation system and the various kinds of 
essential technologies, directed at the development of a 1,000 kw class plant. 


(3) Research bioenergy 

Along with the continuation of research on the manufacture of liquid fuel 

from wooden biomass and research on the conversion of solar energy from bio 
sources, commence research on energy conversion from opto-synthetic 
microorganisms and the manufacture of new fuel oils from biotechnology. 


(Develop apparatus to manufacture composite methane gas with high performance 
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separation membrane) 


Base¢ on the results from the various essential research conducted during the 
previous fiscal year, conduct basic tests needed to develop a technology to 
efficiently convert methane gas from organic matter found in sewage and 
industrial wastes, and concurrently design and gsanufacture a bench-scale 
bioreactor. 


(4) Others 

Continue research on thermoelectric conversion elements and the survey and 
research on the excavation of new energy technology seeds. Also, continue 
with supporting research in the promotion of the Sunshine Project. 


<6> Promote International Cooperation, Such As The IEA, Japan-U.S. and Japan- 
Australia Relations 


For IEA joint research, promote the coal technology information enterprise and 
the system analysis enterprise. 


Also, promote Japan-U.S. and Japan-Australia cooperation om coal liquefaction 
and solar energy, and Japan-China cooperation on coal liquefaction. 


Figure 1. Principal Items In The FY 1987 Sunshine Project Budget Drafts 
(Unit: Y1 million) 
Note: Asterisk (*) indicates special accounts; [Electric] refers to special 


account for electric installation and [011] for oil installation; used 
primarily for the overall development of new energies. 





Topics FY 1986 FY 1987 Principal Items of FY 1987 Plan 
Agzount Budget Draft 
1. Solar 8,241 7,556 (1) Technological development for 
energy practical use of solar light power 
generation. (* 7, 185-* 6,668) 
[Electric] 
General (2) Development of solar system for 
account industrial use. (® 507-® 409) [0i1) 
(GA) 549 478 
Special 
account 
(SA) 7,692 7,078 
2. Geothermal 5,976 5,092 (1) Conduct comprehensive survey of 
energy geothermal resources of country. 
GA 635 523 (® 1,135 810) [Electric] 
SA 5,341 4,568 (2) Conduct inspection surveys with 


geothermal investigative technolo- 
gies. (Sendai/Kurikoma Districts) 
(® 1,601- © 1,092) [Electric] 
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3. Coal 22,490 
energy 
GA 499 
SA 21,991 
4. Hydrogen 228 
energy 
GA 228 


5. Integraced 532 
research 


GA 350 

SA 181 
6. International 72 

Cooperation 

GA 72 
7. Others 101 

GA 45 

SA 56 

Total 37,641 

GA 2,378 

SA 35,263 
(Reference ) 

Projects 5,322 

reiated to 

Sunshine 

Project 

(SA) 


16,019 


(3) Development of power plant using 
hot water. (® 2,605- ® 2,666) 
[Electric] (Includes development of 
vo.canic power generation systes 
661- ® 551) 

(1) Development of coal liquefaction 
(® 20,207- ® 1%,176) [0i1) 

(2) Development of coal gasification 
plant. (® 434- ® 0) 1011] 

.3) Development of plant to manufac- 
ture hy¢rogen from coal. (® 1,350- 
® 1,422) (011) 

(1) Development of hydrogen manufac- 
turing plant. (115- 83) 

(2) Development of technology to 
transport and store hydrogen. 

(54- 47) 

(1) Oceanographic energy (133- 98) 
(2) Development of wind force power 
plant. (® 181- ® 403) [Electric] 


(1) IEA cooperation (42- 37) 

(2) Two-country cooperation, such as 
Japan-Australia. (30- 29) 

(1) Costs to withdraw R&D equipment. 
(® 54- 18) (011) 


(2) Agency expenses. 


(1) Development of fluid bed coal 
gasification power plant. (® 2,590- 
2,100) [Electric] (alloted for 
Resources and Energy Agency) 

(2) Development of jet flow bed 
coal gasification power plant. 

(© 1,980- © 10,675) [Electric] 
(Alloted for Resources and Energy 
Agency) 

(3) Development of apparatus to 
manufacture composite methane gas 
with high performance separation 
membrane. (© 751- * 1,605) (011) 
(alloted as large scale project) 


Figure 2. On Development Of The Principal Plants Related To 


Sunshine Project 


SOLAR ENERGY 
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Installatica [I]: Solar houses 

Location [L]: Hirakata City, Osaka; newly built single hose. 
Ayase Town "Yanagawa Prefecture; existing single home. 
Oita City, Oita Prefecture; large size building. 
Chofu City, Tokyo; dormitory tuilding. 

Development Status [DS]: Completed assessment of the operation of the four 
Gemonstration installations (mewly built and existing single 
home, large size building and dormitory building) by FY 1981. 
(An active popularization campaign was promoted in FY 1980) 


: Solar systems for industrial use 

L: Ichinomiya City, Aichi Prefecture 
Miyazaki City, Miyazaki Prefecture 
Obihiro City, Hokkaido 
Kitanakagusuku Town, Okinawa 

DS: The cascading heat process type has been undergoing research and 
operation since FY 1984. 
The development of the fixed heat process type for fixed temperature 
processing was completed in FY 1985. 
Construction of the fixed heat process type for use in the drying 
process was begun in FY 1986. 
Construction of the advanced heat process type was begun in FY 1986. 


I: Solar heat power plant 

L: Wio Town, Kagawa Prefecture 

DS: Completed research and operation of the 1,000 kw sosar heat power 
generation system (curved surface condenser sethod and tower condenser 
method) in FY 1983. Undertook analytical research in FY 1985. Removed the 
facility in FY 1984 and 1985. 


I: Solar light power generation systes (manufacturing systes) (crystal type) 
L: Joetsu City, Niigata Frefecture 
Hitachi City, Ibaragi Prefecture 
Amagasaki and Himeji cities, Hyogo Prefecture 
Shinjo, Nara Prefecture 
DS: Research and operation of a systes to manufacture 500 kw per annum type 
crystal silicon solar batteries were undertaken in FY 1983. 


I: Solar light power generation system (utilizing solar light) 
L: Yokosuka City, Kanagawa Prefecture; single home 
Tenri City, Nara Prefecture; dormitory building 
Tsukuba City,Ibaragi Prefecture; schools 
Kosai City, Shizuoka Prefecture; factories 
Zamami, Okinawa; independent and dispersed 
DS: Construction of the various systems began in FI 1981. 
7 cae on single homes and dormitory buildings was completed in 
FY 1984. 
Construction for use in factories and schools was completed in FY 1964 
and research and operations are being undertaken. 
As for the independent and dispersed type solar light power gene, ation 
system, construction, operation and research of the various systems 
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have been undertaken since FY 1984. 


I: Solar light power generation system (concentrated type solar light 
power generation) 

L: Ichihara City, Chiba Prefecture (dispersed arrangement shape) 
Saijo City, Ehime Prefecture (concentrated arrangement shape) 

DS: Construction of the various systems was begun in FY 1981. 
Construction of the dispersed arrangement shape was completed in 
FY 1984 and research and operations are being undertaken. 
Construction of the concentrated arrangement shape was completed in 
FY 1985 and research and operations are being undertaken. 


I: Solar light power generation system (light and heat hybrid type light 
power generation system 
L: Aki City, Hiroshima Prefecture; revolving collector type 
Hiratsuka City, Kanagawa Prefecture; flat type 
DS: Research on the revolving collector type was completed in FY 1984; 
researchon the flat type began in FY 1985 and test runs were made 
in FY 1986. 


GEOTHERMAL ENERGY 


: System to supply hydrothermal resources in the depths 
L: Yuwa and Kawabe towns in Akita Prefecture 
DS: Four 1,300 m class pit wells were excavated between FY 1980 to 1982, and 
the system was constructed. Research and operations were undertaken 
between FY 1982 to 1984; comprehensive analysis was performed and 
completed in FY 1985. 


: Comprehensive survey of geothermal resources throughout the nation 
L: Nationwide; Niseko, Kokubun, Hakkoda and Minami Aizu 
DS: Aerial survey was conducted between FY 1980 and 1983; a detailed survey 
of four representative districts from among the geothermal promising 
districts was conducted from FY 1984. 


I: Inspection survey for geothermal investigative technology 

L: Akita Prefecture; Sengan in Iwate Prefecture; and Kurikoma in Miyagi 
Prefecture 

DS: On-the-spot surveys on land surface and pit wells have been undertaken 
since FY 1980. 


: Power plant utilizing hot water 

L: Kuju in Oita Prefecture; Mori in Hokkaido 

DS: The research, construction and operation of a 1 MW class plant that used 
a steam mixture were undertaken from FY 1974 to 1979. 
The research, construction and operation of a 1 MW class plant using hot 
water were undertaken from FY 1974 to 1979. 
The essential technology for a 10 MW class plant has been researched 
since FY 1980. 


I: Volcanic power generation system 
L: New Mexico state in the United States (IEA joint research); Hijiori in 
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Yamagata Prefecture 
DS: Excavation and hydraulic crushing tests have been undertaken since 
FY 1980 as IEA joint research; heating tests with artificial accumulation 
layers were undertaken in FY 1986. 
Hydraulic crushing tests were undertaken in FY 1986. 


I: Large scale geothermal power plant from depth resources; survey to 
demonstrate environmental safety 

L: Oita Prefecture; Toyohi in Kumamoto Prefecture 

DS: On-the-spot surveys undertaken between FY 1978 to 1985. 


: Lignite liquefaction plant 
L: Victoria state in Australia 
DS: A coal processing plant with a 50 ton per day capacity was constructed 
between FY 1981 to 1986; a first phase hydrogenation operation was 
commenced in 1985. 


I: Bituminous coal liquefaction plant 
L: Kawasaki City, Kanagawa Prefecture 
Kashima and Hasaki Towns, Ibaragi Prefecture 
Kimitsu, Chiba Prefecture 
DS: Research to operate a 2.4 tons per day PDU plant was undertaken from 
FY 1982 to 1985. 
A 4 tons per day pilot plant has been in the designing phase since 
1984. 
Research to operate a 1 ton per day PDU plant was undertaken from 
FY 1982 to 1986. 
Construction of a 1 ton per day PSU plant was begun in FY 1986. 


: Plant for high calory gasification from coal 
L: Iwaki, Fukushima Prefecture 
DS: Research to operate a plant with a gas capacity of 7,000 Nm(cube) 
(equal to processing about 20 tons of coal) was conducted from FY 1982 
to 1985. It was dismantled for research in FY 1986. 


I: Plant for low calory gasification from coal 

L: Yubari, Hokkaido 
Iwaki, Fukushima Prefecture 

DS: A pressurized fluid bed plant with a 40 ton per day capacity was in 
operation from December 1980. A demonstration plant for pressurized 
fluid bed gasification, composite cycle power generation with a 1,000 
ton per day capacity has been in the designing stage since FY 1981. 
The designing of a plant for jet flow bed coal gasification, composite 
1* generation with a 200ton per day capacity was begun in 
FY 1986. 


I: Plant to manufacture hydrogen from coal 

L: Sodegaura, Chiba Prefecture 

DS: A plant with a 20 ton per day capacity was designed and construction 
was begun in FY 1986. 


HYDROGEN ENERGY 
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I: Plant to manufacture hydrogen with the high temperature, high pressure, 
alkali water electrolysis method 
L: Kawasaki City, Kanagawa Prefecture 
DS: Research to operate a plant which can generate hydrogen at 20 Nm(cube) 
per hour was completed in FY 1982; research to dismantle it was 
undertaken in FY 1983; its development is completed 


INTEGRATED RESEARCH 


I. Large type wind force power plant 

L: Miyakejima, Tokyo 

DS: A wind force power plant of the 100 kw class was constructed in FY 1982; 
research to operate it from FY 1983 to 1985; and research to dismantle 
it was undertaken in FY 1986. 


Figure 3. Long Range Development Plans For The Principal Projects Of The 
Sunshine Project 
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8. 

9. 

10. 
11. 
12. 
13. 
14, 
15. 
16. 
17. 
18. 
19. 
20. 


Test plant, including pilot plant (or system) 
Essential research 
Designing 
Manufacturing 
Construction 
Research to operate 
Demonstration plant or pioneer plant 
Projects 
Showa fiscal year designations 
1974 
1994 
Solar energy 
Solar light power generation 
Raw material 10 tons per annum class; panel 500 kw per annum reported 
Crystal type solar battery 
Raw material 100 tons per annum reported 
Manufacturing system 
Amorphous solar battery 
Utilizing system 
Single home; dormitory building; school; factory and independently 
dispersed types 
Concentrated arrangement type (1,000 kw) and dispersed arrangement type 
(200 kw) 
Solar system 
Four experimental homes (civilian use) 
After popularization stage 
Utilization system, such as for industrial use 
Cascading 
Fixed 
Advanced 
Long range heat storage system 
Geothermal energy 
Geothermal investigative and collection technologies 
Comprehensive survey of geothermal resources throughout the nation 
Inspection survey, including geothermal investigative technology 
Power generation utilizing hot water 
Binary power generation 
Down hole pump 
Two methods 
10,000 kw class 


Hot water supply in the depths 
Basic survey (30 locations) 
Class 

Volcanic power generation 
Cooperation 

Essential researc’ domestically 
Coal energy 


Coal liquefaction 
Bituminous coal liquefaction 
Direct hydrogenation liquefaction 
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49. Solvent extraction liquefaction 

50. Solvolysis liquefaction 

51. Lignite liquefaction 

52. Per day 

53. High calory gasification 

54. Manufacturing hydrogen from coal 

55. Hydrogen energy 

56. Alkali water electrolysis principle 

57. Solid state polyelectrolyte water principle 
58. At a time 

59. Integrated research 

60. Wind force power generation 

61. Oceanographic temperature differential power generation 


9510 
CSO: 4306/ 2052 
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STATUS OF CAD/CAM IN MEDIUM-SIZED INDUSTRIES DESCRIBED 
Tokyo KAKAI TO KOGU in Japanese Jun 87 pp 113-119 
[Text] Introduction 


CAD [computer-assisted design] and CAM [computer-assisted manufacturing], 
which further design and production by computer support, are noteworthy as the 
central technology in the manufacturing industry. Because these systems 
require an expensive investment, they have been used mainly by large 
corporations. However, work has been proceeding over the past 2 to 3 years on 
raising the functionality and lowering the cost of computers and their 
peripheral equipment. Moreover, the software loaded inside is increasingly 
faithful in its reflections of the views of the user. These trends make [the 
use of CAD/CAM by] small and medium-sized firms worth watching. 


The most important point in the introduction of systems into small and mediun- 
sized businesses will be the amount of investment. As with NC [numerical 
control] equipment and industrial robots, systems will be put into practice 
even at a relatively high cost, as long as the object of the investment is a 
machine that will produce added value directly. However, the present 
situation with CAD/CAM is such that even though an effective introduction of 
the equipment and a raising of the technological level within the company can 
be predicted, a sufficient profit cannot be guaranteed. 


The Tokyo Municipal Industrial Technology Center, from July through September 
of last year, conducted a survey involving small and medium-sized firms within 
the city and CAD, CAM, and CG (computer graphics), along with the production 
technologies connected with them. The survey analyzed the needs of the firms 
and their trends. 


Trends of the Firms 


The manufacturing industries subject to the survey included 10 industries that 
are making use of CAD, CAM, and CG. While some of these industries included 
large corporations, all of the included small and medium-sized businesses, and 
the total number of firms in the survey was 358. 


Figure 1 depicts ‘'« percentages of small and medium-sized firms that are 


introducing or stuaying CAD/CAM. Seventy firms, or 19.5 percent of the 
respondents, are introducing systems. Moreover, 112 companies, or 
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31.3 percent, have been studying, and writing, concretely about the contents 
of systems they are considering introducing. This means that 50.8 percent, or 
more than half, of the small and medium-sized firms surveyed are introducing 
or studying CAD/CAM. 





Figure 1: Percentage of Companies Introducing CAD, CAM 


l. 358 companies 

2. Responses to other parts of the questionnaire 
3. Are introducing [CAD, CAM] 

4. Are studying 

5. Have not introduced 


Figure 2 indicates the uses of the systems that have been introduced. Table 1 
contains the specific design items. In terms of a manufactured items, metal 
patterns are the most prevalent, but it is understood that this is a wide 
field of application. Small and medium-sized firms are greatly concerned 
about the introduction of these systems, and Figure 3 puts together the 
reasons these systems have not been installed at the present stage. 


The first responding that they did not need these systems were relatively 
small in size. Firms that deal mainly with processing and assembling 
according to orders received do not have small design operations and con be 
considered to have a fair need of such systems. 


A fairly large percentage of firms said that they “do not need these [systems] 
for the time being.” These responses let one surmise that although these 
firms do not need these systems for the present, they will be considering them 
in light of future developments. 


For the response, “Do not know the best way to use them,” there are cases 
where it is understood that there is no particular need at the present stage, 
and cases were study is going on about proceeding to use these as part of 
operations, but where the best way to respond to that is not known. Among 
these firms are nine firms employing systems that are concrete subjects [of 
the survey]. 
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Table 1: List of Products Using CAD/CAM Manufactured by Tokyo Small and 
Medium-Sized Businesses 


Key: 


A. Type of industry 
B. Major [CAD/CAM) manufactured products list 
1.A. Electric machines and equipment manufacturing industry 
1.B. Print wire boards circuit diagrams, switchboards, control boards, 
electric wiring, tape recorders, data recorded, communications 
equipment, wiring switches, semiconductor manufacturing devices, and 
household appliance cases 
2.A. General machinery and equipment manufacturing industry 
2.B. Metal patterns (presses, plastics, rubber, paper), parts using metal 
patterns, building machine tools, welding equipment, white rice 
equipment, packing equipment, pumps, sandblasting machines, dehy- 
dration machines, laser cutters, bulbs, machine wiring diagrams, 
medical equipment 
3.4. Precision machinery and equipment manufacturing industry 
Meters, optical machines, injury investigation equipment, industrial 
electronic thermostats, electronic microscope scanners, lenses, 
liquid surface watches 


Ww 
w 


4.A. Metal products manufacturing industry 

4.B. Sheet metal, water tanks, pen points, grips, metal house fittings 
5.A. Textiles and clothing 

5.B. Women’s clothes, shirts, and brand name sportswear 

6.A. Printed related 

6.B. Printer works 

7.4. Miscellaneous 

7.B. Plastic cosmetic containers 
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Figure 2: Uses of Systems Introduced 


Key: 
l. Introduced, 63 companies 
2. Precision machinery, instruments 
3. Textiles, clothes 
4. Printing 
5. Shipping machinery 
6. Electric machinery (including four PCB companies 
7. Metal patterns 
8. (Seven metal pattern companies, four press companies, four plastics 
companies ) 
9. Industrial machinery 
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Figure 3: Reasons For Not Introducing CAD/CAM 





Key: 
Unnecessary 


Unnecessary for the time being 
Uncertain how to use 


No appropriate system 

Price too high 

Currently studying 

Other 

(Multiple responses) 

Number of firms responding (percentage of 256 firms who have not 
not introduced CAD/CAM) 
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The firms answering, “Since there is no appropriate system, we look at the 
mode,” were 72 percent of all large firms with over 50 employees. The subject 
systems employ secondary maps and, at the same time, employ CAD or CAD/CAM. 
Although most are priced at less than 10 million yen, 30 percent of the firms 
say their cost is 10-30 million yen. 


Firms that responded that they are “presently studying” are going all out in 
terms of the contents of the system and the price of the system, which are 





studied in Figures 4 and 5. 
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Figure 4: Systems Under Study by Finms for Introduction 


Key: 


Figure 
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Two-dimensional drafting systems 
CAD systems 

CAD/CAM systems 

CAD including analytical functions 
Other 

Number of respondents 
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5: Cost of Systems Firms are Studying to Introduce 


Less than 10 million ven 

10 million-30 million yen 

30 million-50 million yen 

50 million-100 million ven 

56 companies responded, responses overlap 
Number of responses 
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Items Connected With Precision Measurements 


At present, NC occupy the great share of processes connected with CAM. In the 
future, this will spread further to items of measurement. The following is 
the view of smal] and medium-sized businesses on processing precision items, 
which they are focusing on at present, and measurement items, which they are 
concerned about. 


Figure 6 illustrates processing precision items which are receiving special 
attention. The most responses were on standard measurements, but there were 
many items on such geometric variations as angles and deviation, circles, and 
planes. 

















Figure 6: Processing Precision Items That Are Particularly Emphasized 


Key: 
1. Measurements 
2. Angles 
3. Surface roughness 
4. Deviation 
5. Circles 


6. Planes 
7. Miscellaneous 
8. Number of respondents 


Figure 7 illustrates measurement items that are constantly worried about. 
Items raised were the measurement of curved surfaces (linear) and the 
measurement of small holes. At present, ideally measuring curved surfaces in 
a precise sense is extremely difficult. Moreover, it goes without saying that 
these measuring devices are considered to be in the development stage. 


As for small holes, there is no appropriate measuring devices at present other 
than those constrained by shape or mode of processing. In the futurw, the 
development of new non-contact type measuring devices are desired. 


Moreover, a considerable number of fimms are concerned about contuur shapes 
and three-dimensional measurement. That is because cumplex shaped parts have 
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recently begun to be manufactured, and the peculiar shapes and measuring spots 
of these cannot always be handled by general purnose measuring devices. 
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Figure 7: Measurement Items that Are Constant Problems 


hey: 
Measurement of hypothetical points 
Measurement of two-dimensional coordinates 
Measurement of three-dimensional coordinates 
Measurement of contour shapes 

. of curved surfaces (linear) 

Measurement of small holes 

Measurement of high precision 

Misce] laneous 

Number of respondents 
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Present State of Firms Introducing Systems 


Figure 8 shows the relationship between firms introducing systems and the size 
of the firms. Figure 8 (a) sought from statistic a distribution by size of 
small and medium-sized firms in Tokyo. The percentage of small firms should 
be taken as extremely high. Figure 8 (b) shows the size of the firms 
responding to this survey. Figure 8 (c) shows the number of firms introducing 
systems. Eighty percent of these firms have more than 50 employees. These 
firms make up the core. 





Using CAD within production operations accompanies design work, and involves 
an object to be designed or an object to be drawn. The percentage of small 
firms manufacturing their ow products is small, and many rely on 
subcontractors. These facts are expressed in the form of 8 ic). 


Figures 9 and 10 show whether firms introducing systems manufacture their om 
products and whether they use computers. The computers for using CAD or 
CAD/CAM appear to be ready. 


Figure 11 shows the cost of the system introduced. What should be noted is 
that 63 percent of the systems did not even cost 10 million yen. This 
indicates that large investment is difficult in small and medium-sized firms. 
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Figure 8: Size of Firms Introducing Systems 


1. 100-300 employees (3 percent) 

2. (a) Employee size of small and medium-sized firms in Tokyo with more 
than 10 employees 

3. (b) Employee size oi firms responding to recent questionmire 

4. Exceeding 300 persons 

5. (c) Employee size of firms introducing systems 
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Figure 9: Percentage of Firms That Manufacture/Do Not Manufacture Their Quen 
Products 


1. (a) Firms responding to questionnaire 

2. Firms that manufacture their om products, 230 (64.2 percent) 
3. Uncertain, 14 (4 percent) 

4. Firms that do not manufacture their om products 

5. 114 firms (31.8 percent) 

6. Firms introducing systems 


In general, the function of these system is said to be in line with their 
price. However, systems under 10 million ven that take as their chief object 
personal computer CAD or two-dimensional diagrams can be considered fully 
functional unless particularly complex contents or a high degree of processing 
is required. This is one of the factors advancing the spread of CAD/CAM to 
small ard mdiue-sized firms. 
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Figure 10: Use of Computers by firms Introducing Systems 


1. Using computers, 47 firms (69 percent) 
2. Not using computers, 4 firms (6 percent) 
3. Uncertain, 17 firms (25 percent) 
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Figure 11: Cost of Introducing Systems 


Key: 

More than 100 million yen 
50 million-100 million yen 
30 million-50 million yen 
10 million-30 million yen 
Less than 10 @illion yen 
4 firms (6 percent) 
Number of responding firns 





“Snow WA 
>. >. . . >. >. . 


Table 2 categorizes the cost by whether the system is customized or general in 
nature. General purpose systems converge around the price zone of less than 
10 million yen. Customized systems are not limite’ to any particular price 
zore.. 


Figure 12 shows the period during which the system was introduced. One 
recognizes immediately that the greatest growth cocurred in 1985. Because the 
survey took place from July through September of 1986, the manber of systems 
introduced that year can be close to double the amount in the figure. 
Virtusily all of the systems introduced in 1985 and 1986 are two-dimensional 
systems. This is also a period in which the software of the systems has 
improvid. 
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Table 2: Customized/General Purpose and Cost 














Key: 
1. Customized/general purpose 
2. Customized systems 
3. General purpose systems 
4. Cost 
>. Less than 10 million yen 
6. 10 million-30 million yen 
7. 30 millicn-50 million yen 
8. 50 million-100 million ven 
9. More than 100 million yen 
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Figure 12: Date of introduction of system 


Key: ° 
1. (Showa) -54 [1979[, 55-56 [1980-1981], etc. 
2. Number of responding firms 


Figure 13 shows the various kinds of functions within the systems. NC 
functions are the most frequent [given by the firms]. At least 22 companies 
are using systems as CAD/CAM. Out of these 22 firms, it is unclear whether 7 
are using customized systems or general purpose systems, but we do know that 
11 companies are using customized systems and that 4 companies are using 
general purpose systems. 


Figure 14 indicates the aim of introducing the system and the effecti.eness of 
the results. The reduction of drafting time and designing time have been 
raised as the most important aim. When effective, the drafting time is 
shortened, but 35 percent of the firms who took the shortening of the design 
time as an aim have not seen its effectiveness in this area. 
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Figure 13: Various Functions in Systems 


hey: 

NC functions 

Structural analysis function 
Motion analysis function 
Other 

22 companies 

Number of firms responding 
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Figure 14: Aim and Effect of Systems Introduced 





Key: 

Reduction of drawing time 
Reduction of design time 
Reduction of development time 
Manufacturing and directly connecting data 
High function, high quality 
Reduction of estimated time 
Proposal to clients 

Other 

Aim 

Effect 

Having overlapping responses 
Number 
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On the other hand, while the number of respondents is not that much, a more 
companies have seen the effectiveness of “speedy proposals to clients” than 
those who took this as an aim. 


Figure 15 shows the degree of effectiveness by the systems introduced. 
Excluding those firms which said that they could not give an evaluation 
because not enough time had lapsed since the introduction of the system, only 
1 company out of 54 said that these systems were “ineffective.” Fifty-three 
firms said they had been “effective” in one form cr another. In cases where 
particularly high cost systems were adopted, the ci:apanies said they had a 
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Figure 15: Effectiveness of Systems Introduced 


Key: 
1. Has great effect 
2. Has an effect 
3. Has some effect 
4. Has no effect 
5. Still uncertain 
6. 17 companies 
7. Has redundant responses 
8. Number of firms responding 


Moreover, problems from an operaticnal standpoint to improve effectiveness are 
being considered, and Figure 16 shows the problems in the operation of the 
systems. While a relatively high share of firms is of the opinion that the 
“troubles are many,” the view that profitability is a concern is higher than 
this. 
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Figure 16: Evaluation of Operational Systems 


hey: 
1. Many troubles 
2. Too many troubles 
3. Profitability a concern 
4. 20 companies 
5. Number of firms 


40 








CAD/CAM in Artistic Design 


Figure 17 shows how these firms carry out the development of artistic design. 
The highest number of companies, 109, or 46 percent, do their own design. 
Forty-one companies use their own employees to do the designs, and the number 
of designers ranges from two to five. Moreover, 63 firms are thinking about 
establishing design departments in the future. 
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Figure 17: Design Development 


Key: 
1. Within one’s own company 
2. Relying on the outside 
3. Not undertaken 
4. 109 firms, 46 percent 
5. Number of firms responding 


A majority of the firms undertake the development of manufactured products and 
the development of designs, and 157 companies have expressed the desire to, 
and importance of, establishing a design department. Nevertheless, if the 
staffing of the design department is inadequate, they will not have a design 
structure able to meet the needs of the current high consumer environment. 
Hence, it can be surmised that the organization of design departments will be 
needed in the future. 


Moreover, these firms need to quickly prepare for the education of talented 
personnel to manage these departments and the development of CAD/CAM systems 
to support design development. 


Figure 18 shows the problems of product development, and Figure 19 shows, the 
items already undergoing product development. 


Looking at this result, we find that, when product development is carried out, 
emphasis is placed on the higher level of product development such as research 
and concepts. This can be inferred even in the design development of small 
and medium-sized firms. [which has moved] from “how do we make something” to 
the phase of “what do we make.” This is because their situation is unlike 
that of a large firm in that they cannot produce a wide variety of products 
economically. 


Figure 20 shows the used of computers, including CAD/CAM and CG, in produce 
development and design development. 
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Figure 18: Problems in Terms in Product Development 
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Method of user research 
Establishment of concept plan 
Sketches, completed ideas 
Model draft 

Shape design 

Color design 

Package and catalog design 
Study of convenience of use 
Other 

56 firms (14 percent) 
Number of firms responding 
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19: Items Already Undertaken in Product Development 


User research 

Research of other companies’ products 

Design study from planning stage 

Design of shape, color packaging, and brand name 
Study of design from models drafted 

Other 

109 firms (27 percent) 

Number of firms responding 
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Figure 20: Computer Use in Product Development 


Key: ; 
1. Research analysis and data control 
2. Structural calculation and structural analysis 
3. Diagram drafting 
4. Study of product color 
5. Design of brand name and letters 
6. Report drafting 
7. Have not used 
8. Other 
9. 56 firms (14 percent) 

10. Number of firms responding 


Few systems in these fields are being fully used, and the firms not using them 
are many in number. Much of the computer use goes for blueprint drafting and 
structural analysis. This is because the software that can be put to 
commercial use is still limited. 


The use of CAD/CAM in artistic design has just begun, and in the future, it is 
expected to an indispensable tool for small and medium-sized firms after its 
full-fledged introduction. However, since the design departments to use this 
have not been readied, we need to deal with the establishment of the structure 
of these departments and the technology for using these tools. 


Because of the capital investment required, small and medium-sized firms are 
having difficulty installing large systems, but their desire to introduce them 
is great. The number of companies using small and becoming familiar with them 
is increasing. It is anticipated, therefore, that the next generation systems 
will expand in size. 


Moreover, as competition with neighboring countries intensifies, using these 
systems will become indispensable in order to increase the quality and 
function of manufactured products and to provide items meeting diverse user 
needs und superior in design. 


12259/12232 
CSO: 4306/4006 
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MICROELECTRONICS 


HIGH-SPEED ELECTRON BEAM LITHOGRAPHY DEVICES DISCUSSED 
Tokyo TOSHI KEIZAI in Japanese Sep 86 pp 40-41 


[Article by Yuuta Sagara: “High Technology--The Topic of the Moment--Next- 
Generation Exposure System--Strongest Possibility of Practical Use") 


[Text] With the upgrading and advanced integration of semiconductor device 
functions, high-speed electron-beam lithography equipment is attracting public 
attention because it can draw LSI patterns as small as 0.5 to 0.1 yp directly 
on a wafer at high speed. 


Currently, the light-exposure system is used for manufacturing masks for 
VLSIs. The technological level of this device has reached the stage where the 
width of a pattern is almost the same as the wavelength of the light source. 
At present, the size of a VLSI pattern which can be drawn directly on a wafer 
using the light-exposure system is limited to about 0.4 uw. 


R&D is being conducted on electron-beam lithography equipment, focusing ion 
beam drawing equipment, X-ray lithography system, etc. These will be the 
exposure systems for the next generution, replacing the light-exposure system. 


These devices, however, present some difficulties. The focusing ion beam 
drawing equipment has problems in the productivity and the life of processing. 
The X-ray lithography system, though superior in resolution, requires process 
technologies such as mask technology and photo sensitizer which are different 
from those of the conventional optical system. It appears, therefore, that 
considerable time will be required before these devices are put to practical 
use. 


Under such circumstances, the electron-beam lithography equipment can be said 
to have the strongest possibility of being put to practical use, compared with 
other types of equipment. The electron-beam lithography equipment can draw 
ultramicroscopic LSI patterns whose minimum size ranges from 0.5 to 0.1) 
(equivalent to 16-100 megabit memories) directly on a wafer, based on the LSI 
design data. This equipment, therefore, is considered to be best suited for 
manufacturing logic LSIs for large-scale computer central processing units and 
also custom LSIs such as mask ROMs for OA equipment. 
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Development by NIT of electron beam lithography equipment for mass production: 


The R&D of the electron-beam lithography equipment is proceeding from the 
following two angles: 


(1) The minimum pattern size is limited to about 0.5 4. The drawing speed is 
accelerated to improve the efficiency of mass production. 


(2) Ultramicroscopic patterns 0.1 yor less can be drawn. 


The Atsugi Electric Communication Laboratory of NIT has recently succeeded in 
developing high-speed electron beam lithography equipment called “ZB60 to be 
used for the mass production of LSI patterns. It is receiving much attention 
internationally. 


EB60 has an unprecedented performance; it can draw ultramicroscopic patterns, 
having a minimum pattern size of 0.5 yw (mecessary for LSIs of the next 
generation) directly on a wafer at a speed at least 10 times faster than the 
conventional electron beam lithography equipment. In the case of 16-megabit 
memories having a pattern rule of 0.5 , it is possible for EB60 to draw 20 
patterns per hour on a 4-inch wafer. NTT's preceding model “"EB55" and a 
similar mode] called “HL600" manufactured by Hitachi, Ltd., can draw only one 
pattern per hour. This shows an amazing enhancement in drawing performance. 


However, electron beam lithography equipment generally has a disadvantage: 
the reduction in the amount of beams that the electron gun produces results in 
@ great decrease in the flow of electricity, thus considerable time is 
required to draw LSI patterns. Consequently, overcoming this disadvantage and 
thereby developing highly accurate and high-speed equipment has become an 
important problen. 


NTT has succeeded in developing electron beam lithography equipment called 
"EB60" having drawing speeds superior to those of the conventional light 
exposure system, as a result of the new technological developments described 
below. 


(1) Forming and deflecting (with high accuracy) large current electron beams 
through development of a new structural electronic optical systen. 


(2) Development of a continuously movable drawing system, in which LSI 
patterns are drawn by deflecting electron beams back and forth and left and 
right at high speed while moving the wafer at constant speed (achievement of 
both high accuracy and high speed). 


Hitachi Takes Initiative 


Hitachi takes the initiative in the field of ultramicroscopic pattern drawing. 
At the end of June 1986, Hitachi developed a prototype of the ultramicroscopic 
electron beam drawing equipment which allows the drawing of ultramicroscopic 
LSI patterns having a minimum circuit line width of 0.1 y, and delivered it to 
NTT's Atsugi Electric Communication Laboratory. 
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This equipment can draw, at high speed, LSI patterns having a minimum pattern 
size of 0.1 wu on a wafer with an aligning accuracy of 0.04 uw. It can form 
circuit patterns with a minimum size (0.1 u) greatly exceeding that 
(0.7-0.8 u) of the 1,000-megabit memory (DRAM) currently under R&D. 


At the Central Research Laboratory, Hitachi developed an electrobrightening 
electron beam source (titanium diffusion thermoelectrolytic emission electron 
gun) based on a new principle that large electric current can be obtained even 
if the electron beam diameter is made smaller. Large electric current can be 
obtained by making the beam diameter smaller. However, unless electron beams 
are deflected and controlled at high speed, the processing speed becomes 
slower. To remedy this situation, Hitachi devised a method in which patterns 
are drawn while electrons vibrate [as published] according to the individual 
types and class of deflectors. This equipment fulfills, in a well-balanced 
manner, the three requirements essential to the performance of electron-beam 
drawing equipment. They are as foliows: 


(1) The highest resolution of 0.1 UW in the world. 


(2) Highly accurate alignment which is indispensable for manufacturing 
devices. 


(3) Average processing speed of 1 hour per wafer. 


Ultramicroscopic LSI pattern processing technology exceeding processing 
limits: 


Attention should be turned to the development of the ultramicroscopic pattern 
lithography formation technology, together with the electron-beam drawing 
equipment which can draw patterns of 0.1 wu or less. 


With the development of highly integrated semiconductor devices provided with 
higher functions, the ultramicroscopic LSI pattern processing technology has 
reached the submicron level. For instance, in the case of memories, the 
minimum processing size has been reduced from 8 ,, to 0.8 ,) (one-tenth) iu che 
past 15 years. Furthermore, in gallium arsenide devices for use in ultrahigh 
frequency, the minimum processing size is about 0.3 \. 


Increasing requirements for the establishment of ultramicroscopic pattern 
processing technology have made it necessary to form a pattern of about 0.1 uw. 
Thus, the pattern formation technology exceeding the processing limits of the 
conventional light-exposure system is receiving much more attention. The 
Kyoto Research Laboratory of the Matsushita Electric Industrial Co. has 
recently succeeded in the development of ultramicroscopic lithography 
equipment, which can draw patterns of 0.1 wor less. This technology is said 
to be the first practical technology in this field in the world and is 
receiving higher attention. 


The use of the electron-beam lithography technology for ultramicroscopic 
lithography has always had the problem of portions other than the resist 

film which underwent electron-beam exposure, becoming slightly exposed due to 
the scattering of electrons. Matsushita Electric, however, has developed a 
method of resolution ensuring a considerably high contrast and has enabled 
ultramicroscopic patterns to be formed. 
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TRANS PORTATION 


PRESENT, FUTURE OF AUTOMOTIVE HYBRID IC APPLICATIONS DISCUSSED 
Tokyo JIDOSHI GIJUTSU in Japanese Feb 87 pp 195-201 


[Article by Nobuyoshi Matsuda and Atuhisa Fukuoka: "Present and Future of 
Automotive Hybrid IC*] 


[Text] Introduction 


Hybrid IC is presently utilized in various fields such as commercial purposed 
televisions, VTRs and eudio devices, industrial usage of communication 
equipment, computers, and terminals, automobiles, etc. Its application and 
environments are various and diverse. 


The functions required for hybrid IC vary from simple high density mounting 
for a system to the realization of high mechanism with the application of 
function trimming. They are used properly depending upon a system with hybrid 
Ic and its circuit composition. Considering, structure and reliability 
required for automotive hybrid IC, an application example for hybrid IC which 
uses a new package (COMPACT) will be discussed in this article. 


1. Hybrid IC Looked at From the System 


Reduction in size, height, unit price, increase in function, and circuit 
standardization are current trends in automotive electronic devices. 
Therefore, the demand to change from the microcomputer peripheral circuit 
generally in use to monolithic IC or hybrid IC is presently increasing. 


However, in the case of the development of the monolithic IC, there are 
problems associated with long TAT and difficulties in the change of 
specifications once a product is completed. Im adcition, a product has to 
rely upon purchase from device supplying manufacturers. 


The hybrid IC, where only chip base and materials are purchased, can be 
manufactured by soldering mounting technique. This IC has been used among 
automotive electronic device makers. 


When a change in specifications occurs, a countermeasure with flexibility can 
be obtained, and it is able to make a sample for evaluation within a limited 
time. 
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For the purpose of the development of a new system, the present product is 
considered to be transitional, a hybrid IC for the future consideration of 
monolithic IC. In order for higher performance to be obtained, function 
trimming was conducted, and high precision of each circuit was easily 
accomplished with the application of hybrid IC. 


1.1 Armoring 


Armoring fer hybrid IC is classified roughly into three different types: a 
metal case, a plastic case, and armoring coat type as listed in Table 1. 
The armoring coat type was used for an engine control unit and transmission 
control unit. It was designed for small size and light weight. 


Table 1. Actual Application Examples of Current Hybrid IC Classified by Shape 











Ternperature 
ranges 
Metal case Ieniter, siternator, -~#@~ +120T 
wi regulator 
iater ⸗ ⸗ . —#@~ +120C 
Plastic case Siete 
Vithous_ 170 for signal ~@~ +5T 
Plate process ine 
Owter shell coat tyre 
Powder 2 J 
— coat 
_. Phenol i, e . 
coat 
* -2- +76 
— (Taffy) 
—  -- * a 





As coating materials, powder coat, phenol coat, and (taffy) are available. 
they were evaluated froa reliability testing conditions. Phenol coat shows 
superiority in wetproof characteristics. However, in the case of hybrid IC, 
its structure is peculiar, and it is difficult to deposit coating materials 
with a certain amount of thickness. Accordingly, its wetproof characteristic 
is inferior to that of discrete IC. The transfer mold typed hybrid IC 
"COMPACT" having the equivalent wetproof performance of an ordinary IC was 
developed. The outline of COMPACT will be discussed later. 


Regarding a device which constitutes a system by itself such as an igniter, an 
alternator, and a regulator, armoring structure corresponding to each system 
is in use. 


Normally, a power transistor as driver and the control portion of a signal 
system are installed onto a heat sink, and they are sealed by a plastic case. 
When armoring sealing is made by the case, gel is inserted into the case 
making it wetproof. 


Since an igniter, an alternator, and a regulator compose a system by 
themselves, they have been long installed in engine rooms. 


48 














| Ic chip Chip base 


Figure 2. Structure of Thick Film Hybrid IC 
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When an IC is placed at the inside of an engine room, a problem is associated 
with its operation at high temperature. In this paper, it is assumed that the 
circuit is functional and problem free. When an IC is installed into an 
engine room, in order to decide armoring materials and structure for a hybrid 
IC, an effect on temperature conditions, mud, oil, gasoline, and water should 
be fully taken into consideration, differing from a control unit installed at 
the inside of a passenger compartment. 


1.2 Structure 


As seen in Figure 2, the hybrid IC is structured in such a way that the IC 
chip, mold type IC, transistor, and diode are placed on a chip base, and armor 
coating is carried out. Figure 3 shows each structure to connect ICs 
installed. Figure 4 shows a hybrid IC manufacturing flow. 
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Figure 4. Hybrid IC Manufacturing Flow 





1.3 Chip Base 


With chip bases for automotive hybrid IC, ceramics is utilized. Figure 5 
shows a thick film hybrid IC chip base manufacturing flow. As seen from this 
flow process, a thick film hybrid IC chip base is manufactured by the screen 
printing method, and a conductor pattern and resistance are composed. 
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Figure 5. Thick Film Manufacturing Process 





Printing takes place on a ceramic chip base with the use of a screen sask for 
a conductor pattern, and then calcined. Next, when a wiring conductor of 
hybrid IC being manufcictured uses more than two wiring layers, similar to a 
dielectric pattern, screen printing is sade. After calcination, a second 
layered conductor pattern is formed. In the case of the screen printing 
method being employed for layer wiring, three layer formation becomes the 
upper limit. Layer wiring is not adequate for automotive electronic devices 
because of the presence of a noise probles. 


After the formation of a conductor pattern, a resistance body is printed, and 
calcined. After resistance and conductor formation are completed, «a 
protective film of a glass coat is printed and calcined in order to protect a 
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conductor and a resistance body. Since the absolute accuracy of resistance 
formed by printing is usually large (about +30 percent), it is adjusted to get 
standard value by resistance trimming. Finally, a thick film chip base is 
made. A thin film chip base is made by spatter etching being differentiated 
from a thick film chip base. 


1.4 Resistance 


As resistance for hybrid IC, types include thick film resistance, thin film 
resistance, and chip resistance. Except for thick film resistance, they can 
be treated as each chip part. Accordingly, it is possible to combine these 
with a thick film hybrid IC (thick film hybrid IC loaded with thin film 
resistance can be obtained) (Table 2). Table 3 shows characteristics of thick 
and thin film resistances. 


Table 2. Possible Parts Installation on Current Hybrid IC 














Ic Diode, transistor Condenser 

Bare chip Mini-mold Laminated ceramics 
PLCC Glass sealing Chip tantalum 

FIC 

Mini-mold 





Table 3. Characteristics of Resistance for Hybrid IC 


Thick film Thin Filn | COMPACT 


Resistant veieg }00MQ’ 5~500kN | 5~500k2 























Several 
— 2 — 1/16~ © ‘a7s6 severei 2/16 severel Vv 
Deviation +14 +01% +0 1% 


-100~ -100~ 


Tenperature 
coefficient |~ 250ppm/ T —200ppm/ T ~ 200ppm/ T 











Since allowable electric power of thick film resistance can be adjusted by 
designing, it is suitable to be applied to hybrid ICs to which surge voltage 
is impressed on an electric source line such as an igniter, an alternator, and 
a regulator 


Thin film resistance is not able to have large allowable electric power as 
seen in thick film resistance. Thus, it cannot be applied to a large electric 
power circuit. However, its absolute accuracy is +*0.1 percent, and this 
figure means very high precision. Furthermore, it is characterized as good 
high frequency response and low noise level. Accordingly, it is suitable for 
high accuracy. 
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1.5 Condenser 


Laminated ceramics and chip tantalum are available for a hybrid IC condenser. 
They are properly used depending upon conditions such as price and system 
applications. 


Since the temperature characteristics and initial dispersion pressure 
resistance of laminated ceramics varies with each product rank, it is 
necessary to distinguish its application on each different circuit. In the 
case of an oscillation circuit composed from a hybrid IC, it is necessary to 
study fluctuations in its characteristics due to the nature of its circuit. 
When temperature dependence on oscillation frequency and initial dispersion 
need to be controlled, a condenser having high absolute precision for 
temperature compensation should be used. When temperature fluctuations are 
not particularly necessary, a conductor with high dielectric capacity is 
applied. 


A chip tantalum condenser is not able to be selected through product ranks. 
Differing from laminated ceramics, it shows temperature characteristics of +15 
percent, and initial dispersion of +20 percent. However, when compared to 
laminated ceramics, chip tantalum is used for a product with larger capacity. 
This device is applied to hybrid IC having a large capacitive condenser 

(Table 4). 


Table 4. Characteristics of Condensers for Hybrid IC 

















Laninated ceranics Tantalum COMPACT 
Capacity 1 > 0. 22 uF 0.01~58 uF 50~2000 pF 
Deviation +5~1 2% +$20% {|110~120% 
po 25V, 50V 4~35V isv 
Tenperature 
— a eS im 
compensation) ~ 1000 i 20 ppm / \ 





1.6 IC 


Hybrid IC is composed of IC, resistance, and condenser such as digital logic 
IC, operational amplifier (Op Amp), and comparator; it is a ome circuit 
system. 


As ICs to be applied to a hybrid IC, depending upon circuit construction and 
system composition, they are usually composed of one to two pieces. Sometimes 
there are up to seven or eight pieces of a logic system, Op Amp, comparator, 
and transistor array. 


All ICs used meet temperature specifications for automobiles, i.e., -40 to 
85°C in the case of passenger compartment installation, and -40 to 120°C in 
the case of engine room installation. 
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Presently, there are two methods of installing an IC. They are the IC bare 
chip and package installations. On the other hand, LSI and VLSI typed IC 
installation is currently applied to some limited products of microcomputer, 
memory, and gate array. But, the supply of ICs from hybrid IC supply makers 
to electronic device makers is none at this moment because system know-how is 
going from electronic device makers to hybrid IC makers, and there is 
insufficient establishment of the test pattern method by hybrid IC makers, and 
no guarantee of test patterns has been established. 


1) IC pellet installation: When IC bare chips are applied to hybrid IC, 
there are two applicable methods--wire bonding and soldering by use of chips. 


The wire bonding method can be obtained form minor modification of the present 
technique which is presently used for ordinary mold type IC. Wires made of 
gold and aluminum are used. Aluminum wires are also used for the electric 
source and output systems of hybrid ICs for power devices such as igniter, 
alternator, and regulator. 


2) Mold IC installation: In the method of installing mold ICs, lead 
terminals are connected to thick film patterns by soldering. As the 
installation package, there are two classifications depending upon lead 
shapes. They are ordinary flat IC type lead and PLCC. 


In the case of the ordinary flat IC type lead, since lead is formed at the 
outside of a package, it is necessary to secure the mounting area 
corresponding to enough length for the package outer shape and lead. However, 
in the case of PLCC, lead is located inside a package. Therefore, the 
mounting area can be made smaller compared to the ordinary flat IC type lead. 


1.7 Reliability 


There is basically no difference in structure between an automotive hybrid IC 
and general purpose industrial hybrid iC except that the former is required to 
pass more severe applicational test conditions. 


Table 5 shows JASO reliability test conditions. There is a difference in 
items to be tested and test conditions among automobile makers and electronic 
device makers. It is not always satisfactory if a hybrid IC merely passes 
these test conditions; usually, more severe test conditions are employed. 


Since automobile devices are easily exposed to conditions of high temperature 
and high humidity for long periods, its temperature cycling and 
temperature/humidity cycling tests are more strict than those for general 
industrial apparatus. 


In addition, due to surge impression to electric power source and input/output 
system which are peculiar to an automobile, the protection of IC which is used 
in the system and absolute pressure resistance are required. This situation 
should be taken into consideration not only for hybrid ICs, but also for 
ordinary I/0 systems during their design. Recently, many makers are 
conducting the PCT test for wetproof performance. 
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Table 5. Reliability Test Conditions for Automotive Electronics Devices 
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2. COMPACT 


COMPACT is short for integrated circuit organized by multiple passive and 
active chips in transfer mold package. Being similar to an armoring package 
of ordinary semiconductor IC, hybrid IC circuit is installed on a lead frame, 
and this hybrid IC is sealed by transfer mold. 


Its distinctive features are: 


--No application of soldering for part placement (only gold wire bonding) 
--All circuit parts have chips 

--Equivalent reliability to that of monolithic IC can be obtained 
--Package is standardized, and automatic mounting is possible. 


As seen in Figure 7, COMPACT is composed in such a way that circuit parts such 


as linear and digital ICs and resistance are connected by gold wire through 
conductor patterns placed on a chip base, and each circuit is constructed. 
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Lead frane Chip base 


Figure 7. Structure of COMPACT 


Reliability test results for hybrid ICs with COMPACT are shown in Table 6. As 
seen from this table, its reliability in terms of temperature cycle, 
temperature/humidity cycle, thermal impact, and PCT is improved when compared 
to that of the thick film powder coat type and the phenol coat type. 











Table 6, Reliability Test for COMPACT 
Number 
Number of tests 
Items —Test conditions of tests passed _ 
Soldering performance 230°C, immerse for 5 seconds 11 0 
Soldering thermal 260°C, immerse for 10 seconds 11 0 
resistance 
Temperature cycle -55 ~ 125°C, each 30 minutes, 22 0 
100 cycles 
Thermal impact 0~100°C, each 5 minutes, 22 0 
100 cycles 
Terminal extension 500 g, y-direction, 10 seconds 11 0 
Terminal bending 250 g, 90°, 3 times 11 0 
High temperature Ta = 125°C, 1,000 hr 22 0 
exposure 
Low temperature Ta = -55°C, 1,000 hr 22 0 
exposure 
PCT Ta = 125°C, 2.3 atm, 100 hr 22 0 
High temperature, Ta = 85°C, RH = 85%, 1,000 hr 22 0 
high humidity 
exposure 
High temperature and Ta = 85°C, RH = 85%, 1,000 hr 22 0 


high humidity bias 


Tjmax = 125°C 





Since COMPACT has multiple IC pellets and resistance pellets in one transfer 


mold package, 
decided. Furthermore, 
package, 


as allowable electric power 


processes when compared to that for ordinary hybrid IC. 
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the maximum number of pellets for each package is naturally 


is decided for each 


it is necessary to have different consideration during designing 
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Figure 9. Example of COMPACT Circuit 
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2.1 Application Example of COMPACT 


When the application of COMPACT onto hybrid IC for automatic electronic device 
system is considered, the small signal processing systems such as signal 
processing circuits for input interface and predriver for an output system are 
suitable for application. Figure 9 shows one example for a circuit. 


As seen from the circuit, in the case of the system for an automobile, many 
signal processing circuits composed of comparators and Op Amps or many buffer 
circuits are used in the input system, and a large number of circuits for an 
actuator driver are used in the output system. This means that it is possible 
to standardize input/output circuits and to realize high density packaging. 
Figure 9(c) shows CP200ID which is the circuit used for COMPACT. 


CD200ID is FIP driver for dynamic drive. It is composed of several circuits 
such as input shift register, ratch circuit, buffer circuit, and drive 
circuit. It is a high pressure resistant driver with the application of CMOS 
logic. Therefore, general purpose semiconductor products are used in the 
device as seen in thick film and thin film resistance. It can also be 
utilized for the purpose of constructing a functioning device within a short 
time (Table 7). 


3. Future Prospect 


The application of hybrid IC onto an automotive system was started for an 
igniter, an alternator, and a regulator. Presently, it is applied to all 
automotive systems. 


The reasons for the application of hybrid IC are as follow: 


--Due to strong customer oriented nature, it can be matched with each systen. 
--Its development time is short (it takes 2 to 3 weeks to get the first 


sample). 
--It is possible to adjust its precision with the use of function trimming. 


In addition to the above, because of miniaturization and high density 
packaging for 1/0 systems of microcomputer periphery, hybrid IC technology has 
been in use. 


Hybrid IC is not intended just for miniaturization, but is also being used to 
make one circuit block for hybrid ICs with function trimming. Usually, 
adjustment for each system with the use of adjustment resistance is required. 
However, because of hybrid ICs, this kind of adjustment is no longer needed. 
This gives a reduction in the manufacturing processes. 


Accordingly, it is estimated that a demand for hybrid IC applied to an 
automotive system is increasing in the future. 


Presently, the ICs being used for hybrid ICs include Op Amp, comparator, and 
CMOS I/0. It is thought that a demand for system hybrid IC (VLHIC) which 
makes one system including a microcomputer for hybrid IC will increase. In 
this regard, the location where a hybrid IC is installed could be at the 
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Table 7, Comparison Among Thick Film, Thin Film. and COMPACT 
Disadvantage 





Thick fila 0 


Advantage 





Existence of surge resis- 
tance (large electric 
power) 

Less limitations on parts 
installed 

Possibility of function 
trimming 








Inferiority in wetproof char- 
acteristics compared with that 
of transfer mode (differing 
from outer plastics) 

Not suitable for automatic 
mounting due to nonintegrity 
in outer configuration 





Thin fila 0 


Possibility of high 
accurate resistance 
Good high frequency 
characteristics 

Low noise 

Possibility of function 
trimming 


Inferiority in wetproof char- 
acteristics compared with that 
of transfer mode (differing 
from outer plastics) 

Not suitable for automatic 
mounting due to nonintegrity 
in outer configuration 


Inferiority in surge capacity 
when considering film thickness 





COMPACT ° 


Reliability equivalent to 
that of monolithic 
Possibility of automatic 
mounting 

Good accuracy of outer 
dimensions 

Possibility of high 
accurate resistance 


Not suitable for high power 
system circuit (power transis- 
tor, power MOS system) 
Equivalent surge capacity to 
that of thin fils 

Limitation on number of parts 
to be installed (depending 


upon packages) 





inside of an engine room because of the short-circuit problem of a wire 


harness. 


it is necessary not only to expand operational temperature (maximum 


120°C) for IC and parts installed, but also to obtain a package which gives 


equivalent quality compared to that of the 
temperature resistance and temperature cycle. 


current system in terms of 


In addition, there are still several problems to be solved in the future. One 
of them is the establishment of the LSI selection method for a microcomputer 
to be installed into the hybrid Ic. 


20149/9365 
CSO: 4306/6557 
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TRANSPORTATION 


FULL ELECTRONIC CONTROL SYSTEM FOR DIESEL ENCINE 
Tokyo JIDOSHA GIJUTSU in Japanese Feb 87 pp 248-754 
[Excerpts] Introduction 


The engine control of an automobile with the application of a microcomputer 
has made major advances since its introduction. In the case of a diesel 
engine for a truck, in order to correspond to the demands from the market, 
such as strengthening the pollution control standards in the area of exhaust 
gas and noise, and improvement in fuel economy and engine performance, several 
electronic control systems have been developed and put into practical 
application. 


Isuzu Motor Co., Ltd., developed the IE (Isuzu Economy) system which controls 
the amount of fuel injected and the injection timing. Accordingly, since the 
summer of 1983, it has been adopted in the 6RA-TC model engine as the 810 
series. At this time, in the case of the 67SD1-TC model engine installed in 
the new model 810 super, mot only the control of the amount of fuel injected 
and the injection timing systems were added, but also the variable swirl 
system which electronically controls a swirl ratio of intake air, and the 
variable capacity turbo system which gives the electronic control turbo 
capacity were added as well. This new system has been constructed as the 
synthetic electronic control system for the engine, and its outline follows. 
The variable capacity turbo was prepared in the past, and utilized with some 
limitations. This is the first time it has been mass produced. 


2. Outline of the System 


Figure 1 shows the outline of this system. The relation between the structure 
of input/output and gain control items is shown in Figure 2. The main control 
items are listed below. 


(1) Governor control of an injection pump (control of the amount of fuel 
injected). 

(2) Timer control of an injection pump (control of injection timing). 

(3) Variable swirl control. 

(4) Variable capacity turbo control. 

(5) Shift indicator systen. 

(6) Backup systen. 
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Figure 1. System Diagram 


Items (1) and (2), are intended to optimize the electronic control of the 
amount of fuel injected and the injection timing, and to improve fuel economy 
and the performance of an engine. At the same time, these systems have 
already been mass produced with the application of the functions of auto 
cruise control and idling control. 


Item (3), the variable swirl system, gives the optimum control of a swirl 
ratio of intake air corresponding to the number of engine rotations and engine 
burden (referred to as the rack position hereafter); it tries to improve 
engine ignition, to reduce the amount of fuel consumed, and to increase 
torque. 


Item (4), the variable capacity turbo system, controls the opening of a nozzle 
vane of turbo corresponding to the number of engine rotations and the rack 
position, and increases boost pressure and torque in a low speed range. On 
the other hand, in the range of high speed, it is possible to obtain the best 
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Input/Output Composition and Main Items To Be Controlled 








conditions in terms of high efficiency without the increase of exhaust 
pressure. This system essentially aims at the improvement of output 
performance and fuel economy which seem to contradict each other. 


Instead of a conventional fuel consumption indicator, item (5), the shift 
indicator was installed. While the fuel consumption indicator sizply 
indicates whether fuel consumption conditions are good or bad at any instant, 
this shift indicator gives the direction of shift-up or shift-down with the 
utilization of light and sound depending upon the running conditions of a 
vehicle. It is expected that a less experienced driver may be able to drive a 
vehicle with less fuel consumption as a veteran driver does under the 
utilization of this systen. 


Item (6), the backup system, tries to prevent damage to an engine and turbo by 
controlling the amount of fuel supplied when boost pressure becomes abnormal. 


3. Structure and Functions of the Systes 
3.1 Variable swirl 


The sechanism of a variable swirl is shown in Figure 3. As for the variable 
swirl method for intake air, there are several different methods. They are, 
for instance, the sub-port method, the guide vane method, the air-jet sethod, 
etc. Because of less engine modification requirement, the sub-port method was 
adopted at this time. 


fir evlinder 




















Figure 3. Variable Swirl Mechanisa 


Opening and shutting of a sub-port is carried out by a small sized air 
cylinder installed in an intake port. Due to this, a swirl ratio varies. The 
control of the air cylinder is carried out by an electromagnetic valve driven 
by a control unit. A swirl ratio is set up so as to become higher when the 
sub-port is closed, and to become lower when it is open. 
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3.2 Variable Capacity Turbo 


The structure of a variable capacity turbo is shown in Figure 4, and its link 
sechaniss is shown in Figure 5. Since the compressor performance of an 
original turbo is sufficient enough for this engir-, it vas decided to install 
the variable capacity turbo only at the turbine side. 
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Figure 6. Structure of Variable Capacity Turbo 


There are several methods as to variable capacity sechanisa at the turbine 
side. They ere, for instance, the nozzle vane sethod, the turbine scroll 
pathway alternating method, the twin-turbo sethod, and so on. Actually, the 
variable nozzle vane sethod was adopted because of its good efficiency. There 
are 12 nozzle vanes used. 


The driving portion of the variable capacity turbo is shown in Figure 4. 
Nozzle vanes are inserted into a bush. One end penetrates the turbine housing 
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Figure 5. Link Mechaniss of Variable Capacity Turbo 


side, and a link plate is welded at the other end. At the tip of the link 
plate, a slide joint fixed to a rotating ring is inserted. There is «a total 
of 13 rotating rings used, one of these is used for driving. When «a slide 
joint for driving is externally driven, a rotating ring rotates, and each 
slide joint also rotates. Accordingly, the degree of opening and shutting of 
nozzle vanes varies. 


Regarding the control of the variable capacity turbo, its continuous control 
is ideally desired. However, as the result of a study of a comparison between 
phased control and continuous control in terms of cost effectiveness, the four 
staged control was finally adopted. An actuator is composed of two air 
cylinders. The degree of opening and shutting of nozzle vanes is controlled 
by center links which have different lever ratios. The control of air is 
facilitated by electromagnetic valves driven by each control unit With the 
combination of functicning and nonfunctioning of the air cylinders, four 
staged turbo opening and shutting degrees can be obtained. 


3.3 Control Unit 


There are three control units provided depending upon subjects to be 
controlled. Each unit has CPU (or MPU). 


(1) The control unit for the asount of fuel injected and the injection 
tising. 


(2) The control unit for variable swirl and variable capacity turbo systes 
(3) The control unit for a shift indicator 
The number of input signals necessary to control each unit are dictated by the 


number of engine rotations and the rack position, which are commonly in use 
By the unification of the signals, it is possible to elisinate sensors and 
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signal detection circuits for common signals from the systen. Generally 
speaking, the elimination of these is advantageous with respect to 
installation space and self-diagnosis, instead of the integrated type, the 
separated type was used at this time. 


1) Since a shift indicator is adopted not only for this system, but also for 
other system to control fuel injection timirg. it is necessary to accommodate 
various kinds of engines, transgissions, and finals. Accordingly, the 
independent development of the system gives the possibility of various 
applications and cost effectiveness. 


2) High-speed operation processing capability is required for the control of 
an injection system. The development of har .are and software which are also 
used to control other systems such as the viriable capacity turbo is not easy. 


3) Since interdependent control of the fuel injection system and variable 
capacity turbo is not under consideration, it is not necessary to carry out 
interdependent communication even if control units are divided. Therefore, it 
is easier to develop a new control unit for the control of the variable 
capacity turbo and variable swirl. 


4) Control unit (1) has already been finished as the system. It can be used 
as an independent syste. 


Each control unit transmits a signal of the number of engine rotations and a 
signal of the rack position; and these signals are transmitted from the 
control unit (1) to (2), and further from (2) to (3). 


3.4 Sensors 


Sensors in use are essentially the same as for the conventional systea. 
However, in order for the control of the variable capacity turbo, a boost 
pressure sensor was adopted instead of a boost pressure switch. In addition, 
an atmospheric temperature sensor was added. The boost pressure sensor is an 
absolute pressure type semiconductor pressure sensor with high reliability. 
Thus, high sensitivity and high precision are obtained in a wide pressure 
range. The atmospheric temperature sensor utilizes a thermistor. 


Due to the fact that a vehicle speed sensor sends an output signal to two 
control units, and the application of the system with respect to the 
electronically controlled power steering whicl. requires a vehicle speed 
signal, the amount of output electric current capacity is increased in order 
to supply a signal to many systems at the same time. Since this sensor uses a 
whole element, it is possible to obtain stable output under very low vehicle 
running, which was impossible with the conventional dynamo typed sensor. 


4. Contents of Control 
4.1 Variable swirl control 


This is mainly controlled by the number of engine rotations and the rack 
position. In the region of high swirl, an electromagnetic valve goes into 
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action, and air is supplied to an air cylinder. Then, a sub-port is closed. 
On the other hand, in the case of the low swirl region, an electromagnetic 
valve does not work, and a sub-port is opened. Figure 6 shows the swirl 
characteristics of an engine. When the temperature of the cooling water is 
low, low swirl is in use in order to improve the ease of engine 

igniticn under low temperature conditions and also to prevent white smoke 
exhaust. Even when the engine idles for hours, maintenance of swirl is 
desirabic for the prevention of white smoke. In addition, due to fluctuations 
of the rack position and the number of engine rotations, a swirl control 
electromagnetic valve temporarily goes into action. However, since this 
action is not necessary, the shift change of a transmission is detected from a 
clutch sensor and the rack position, and an attempt is made not to utilize the 
swirl control electromagnetic valve. 
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Figure 6. Swirl Characteristic 


Because of this system, optimal swirl control with regard to fuel economy, 
torque, Nox, and ease of engine ignition at low temperature becomes realistic, 
although it was difficult by the conventional intake port. 


4.2 Variable Capacity Turbo Control 


Two electromagnetic valves are basicaliy driven by the number of engine 
rotations and the rack position, and an air cylinder connected to each 
electromagnetic valve goes into action. From the combination of the action of 
each electromagnetic valve, control with four stages is realized. Figure 7 
shows the boost pressure characteristics under the fll load conditions. The 
maximum boost pressure at a middle speed reaches 953 mmlg. The minimum nozzle 
area occurs at nozzle position 4 of the low speed side as shown in Figure 7. 
The maximum nozzle area occurs at nozzle position 1 of the high speed side. 
Since in the case of a turbo, nozzle area matches with the condition of high 
speed, a shortage of torque at a low speed could be seen However, in the 
case of the variable capacity turbo, it is well controlled so as to get 
satisfactory results. 
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Figure 7. Bocst Pressure Characteristics 


When the outside air temperature is extremely low, an increase in internal 
pressure of an engine cylinder and also an increase in the rotations of a 
turbocharger will be seen due to an increase in boost pressure and the 
specific gravity of fuel. Because this phenomenon could cause damage to an 
engine and/or the overrun of a turbocharger, it should be prevented. 
Therefore, an atmospheric temperature sensor is provided. When atmospheric 
temperature is low and an engine is under a high burden, it is controlled so 
that the nozzle vane position under a high burden can be switched at the lower 
number of engine rotations when compared to that at normal temperature, and 
this essentially prevents the overrun of a turbocharger. Furthermore, similar 
to variable swirl control, an electromagnetic valve is controlled not to go 
into action during transmission gear shift. 


4.3 Control of the amount of fuel injected 


The control of the variable capacity turbo is added to the control of the 
amount of fuel injected. The variable capacity turbo always shows excellent 
performance under a stationary state. However, under a transient state such 
as sudden starting or rapid acceleration, due to a turbo response lag which is 
a drawback for a supercharged engine, the amount of intake air becomes short, 
and black smoke comes out. In the case of a normal turbocharged engine, 
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because of a boost compensator, a limitation of the amount of flowing fuel 
takes place until boost pressure reaches a certain level. However, the 
application of this technique onto a supercharged engine is difficult because 
a difference in the amount of flowing fuel between the full loading condition 
and low boost pressure state is too large. In order to solve this problen, 
the new control method with the use of a boost pressure sensor was adopted. 
This method eventually controls the maximum amount of flowing fuel by stages 
depending upon boost pressure. Figure 8 shows the relation between the amount 
of flowing fuel versus the number of engine rotations under the allowable 
level of black smoke as a function of boost pressure. 
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Figure 8. Characteristic of Amount of Flowing fuel 
by Boost Pressure 


Because of the adoption of this control method, it was possible to obtain good 
performance without sacrificing acceleration performance under the allowable 
level of black smoke at acceleration for the engines of the GVW 20 tons with 
the 300 horsepower class, although the 6SD1-TC engine has small piston 
displacement with a high supercharger. 


4.4 Shift indicator 


A shift indicator decides which gear gives minimum fuel consumption not only 
from external signals such as the number of engine rotations, the rack 
position, and vehicle speed, but also from the data for the output 
characteristics of an engine, such as each gear ratio of a transmission, a 
final gear ratio, as well as the effective diameter of a tire. The latter 
information is stored in the control unit in advance, and the shift indicator 
instructs whether to shift up or shift down corresponding to running 
conditions. Instruction is made by luminous diodes of red and green colors 
and different electronic melody sounds for shift up and shift down. As every 
kind of running pattern such as acceleration, ignition, climbing, etc. are 
considered, there is no fear of getting instructions which could sacrifice 
running performance. 














Since the control unit is for general purpose, the data for 10 different kinds 
of engines, 16 different kinds of transmissions, 12 different kinds of final 
gears, and their combination with tires are memorized. Each data can be 
changed by a digital switch, and the data corresponding exactly to a specific 
vehicle can be set up. 


When a vehicle runs in accordance with the instructions from this device, the 
dispersion of fuel consumption due to driver's experience and way of driving 
becomes less. Anyone can drive a vehicle with minimal fuel consumption as a 
veteran driver can do. 


4.5 Backup Control 


Backup control is the system to detect abnormality in boost pressure for any 
reason with a boost pressure sensor, and to prevent turbo and engine from 
damage. As shown in Figure 9, when boost pressure becomes higher and it is 
feared that the pressure exceeds allowable limits for overrun of a 
turbocharger, this system immediately chokes the amount of flowing fuel, and 
switches on a warning light, to let the driver know something is wrong. In 
addition, when very low boost pressure continues due to other reasons, this 
system also chokes the amount of flowing fuel and gives warning in the same 
way as seen for the case of extremely high boost pressure. This scenario is 
detrimental to an engine due to the increase of gas temperature. Of course, a 
turbo response lag during acceleration is taken into consideration in order to 
judge conditions of extremely low boost pressure. 
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Figure 9. Boost Pressure Limitation Diagram 
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4.6 Self-diagnosis 


Since it is easy for the electronic control system to detect abnormality from 
input/output signals and circuit operation, and because there is a demand from 
the market for immediate service when some trouble occurs, it naturally 
follows that the control system would have a self-diagnosis mechanism. In the 
case of this system, a self-diagnosis mechanism is necessary and indispensable 
since the number of sensors and actuators in use is increased and they become 
more and more complicated along with an increase in control objectives. 


There are two lines of thinking for self-diagnosis. 


(1) Whenever some abnormality occurs, it is always displayed, and the system 
gives caution to a driver and urges him/her to inspect and maintain a vehicle. 


(2) In order to avoid alarming a driver unnecessarily, abnormality which does 
not deter running performance, reliability, and durability is not displayed, 
but it is discovered through periodic maintenance. 


For this system, based upon the line of thinking (1), self-diagnosis is 
implemented so as to keep optimum conditions at all times. The places and 
locations where abnormality occurs can be distinguished by the intervals of 
flashing warning lights. 


5. Reliability 


These days, a heavy truck sometimes runs about 300,000 km per year. As a 
matter of course, higher degrees of durability and reliability are strongly 
demanded. Therefore, several kinds of considerations are implemented into 
this system. Two of these are introduced in the following discussion: 


5.1 Electronics system 


A wire harness is indispensable to an electronics system. However, its 
reliability leaves something to be desired because of the contact inferiority 
ot connectors. Although to discontinue the use of connectors could be 
considered, it is in fact impossible when considering mass productivity and 
maintenance. In order to improve reliability, some important circuits are 
doubled around the connecting portion in this case. Due to this process, an 
influence on performance and reliability occurs in the rack sensor system. An 
outline of the rack sensor system is shown in Figure 10. 


The rack sensor is the eddy current type. The middle point of signal 
detection is especially sensitive to the change of external load capacity. 
When a sealed wire of the size of spacing capacity is used, dispersion in 
output could occur due to insufficient control of its capacity or the 
existence of a difference in length. The influence of doubled structure upon 
rack output was investigated for both the wire harness of the bench test and 
that of an actual car. It was confirmed that there was no actual damage. 


In addition, doubled structure of the rack sensor system also influences 
antielectromagnetic obstruction characteristics. There are various kinds of 


71 








Control unit 


















































aor 


connector portion 


—— 























Figure 10. Outline of Rack Sensor Systes 


radiowave resources in the field. There may be a vehicle with a large output 
wireless installation on the road. The rack sensor system is required to have 
sufficient antielectromagnetic obstruction performance of these conditions. 
Several times an actual vehicle tests in a wireless sealed room was carried 
out, and its performance was improved. As the result, it was confirmed that 
there was no problem in frequency ranges of from 1 to 1,000 Miz. 


Purthermore, regarding water invasion into the connector portion during high 
temperature and pressure car wash, «a connector box which collects all 
connectors and stores them was installed. Antiabuse performance has been 
improved. 


5.2 Care for sensor power source systes 


A power source for a sensor is commonly used with that for CPU. In this case, 
when the power source of a sensor is short-circuited for some reason, CPU does 
not function. If this phenomenon occurs at the control unit of a fuel 
injection control system, a vehicle is not able to run. This should be 
avoided in the case of a heavy truck which is particularly used to convey a 
cargo within a limited time. In order to do so, both an electric current 
limit circuit and electric current limit resistance were considered. But in 
this case, in order to be cost effective, electric current lisit resistance 
was chosen. As a result, even if the power source of a sensor is short- 
circuited, only a sensor becomes malfunctioned. CPU is still functioning and 
a vehicle is able to run. 





6. Conclusion 


So far, the outline of the full electronics control system for a large sized 
engine adopted in 810 Super was described. It seems that the continuous 
control of a variable capacity turbo, its synthetic control with a fuel 
injection system, the control of both the engine control system and the 
transmission control system by mutual communication, etc., are going to be 
studied in the future. Thus, a highly advanced and more complicated system 
will be developed. But since more sensors and actuators are going to be used 
along with this tendency, malfunctioning phenomena become more complicated. 
It is, therefore, necessary to improve the method of self-diagnosis and to 
develop a new self-diagnosis systen. 
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